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An overall view of South Dakota 
agriculture and the role of the Col-
lege of Agriculture and Biological 
Sciences is presented here in an in-
formal interview with Duane Acker, 
dean o,f agriculture at SDSU since 
1966. Acker has resigned to become 
first vice chancellor for Agriculture 
and Natural Resources at the Uni-
versity of Nebraska, effective April 
l. 
Topics range from grasslapd 
management through water utiliza-
tion and energy conservation to the 
state's major accomplishments in 
agriculture in the last l O years. In-
terviewer was Lee Jorgensen, SDSU 
agricultural news and features 
editor. 
Eight years of service to 
SDSU and South · Dakota ends 
• 
• 
as Dean Acker gives his final. . . 
Interviewer: The Soil Conserva-
tion Service and the pl•ant science 
people at SDSU have expressed 
concern over possible soil erosion 
problems caused by grasslands 
being plowed up to make way for 
wheat crops in South Dakota, now 
that wheat prices are so attractive. 
Should they be concerned? 
Dean Acker: We don't have a 
measure of how many acres o,f 
grassland that have been plowed 
up. Naturally, this is of concern, 
because it may take 5 to 6 years to 
re-establish some of these stands of 
of native grasses . At the same time, 
we recognize the economic 
pressure to produce as much as you 
can on a given acre and expect 
that economic pressure to. persist. 
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I think that there will be a strortg 
demand for grain for export for 
the next few decades. 
To reduce that concern, we can 
try to eliminate that black, dry, 
fallowed ground and make sure we 
maintain ground cover. This can be 
be done by minimum tillage and 
wheat land management. We 
should be leaving the stubble and 
trash on top for maximum mulching 
and erosio,n control. We may have 
to find an alternative to summer 
fallowing, possibly by using 
fertilizer . 
We also suggest that when a 
farmer considers plowing up grass • 
for wheat, he include cost of 
re-establishing the grass in his 
calculations. 
• 
interview with 
the director 
Interviewer: Our biggest source 
of income in South Dakota is cattle 
and our biggest acreage is in 
grass. How can we maximize' these 
assets in the ye,ars ahead, with 
prospects for limited supplies of 
fertilizer and herbicides? 
Dean Acker: Years ago in the 
Experiment Station we decided to 
research grass production from as 
many angles as possible. That was 
because we don't always know for 
su.re which approach will pay off 
and because economic considera-
tions change. 
For example, we have done 
research and educational work on 
increasing grassland productivity 
through the use of nitrogen 
fertilizer. Twenty years ago, when 
nitrogen fertilizer was 15 cents a 
pound, we judged that nitrogen 
fertilizer on grass was not 
econ om ica I-the response 
wouldn't pay for the fertilizer. 
Five years ago, when 
nitrogen fertilizer was 5 cents a 
pound, we said farmers and 
ranchers could afford to spread it on 
land by helicopters. Today, 
nitrogen fertilizer is back to 15 and 
18 cents a pound. 
Beyond this, from an agronomic 
standpoint, we are looking at 
interseeding, range renovation, 
weed control by means of chem ica Is 
or grass management. But, overall, 
there are two basic approaches to 
increasing grassland yields . 
One is the traditiona I range-
ecology approach where you try to 
figure out the best mix of native 
3 
grasses and try to preserve that mix 
by managing animal grazing-
dates, intensity, etc. 
Range ecologists argue that grass 
adapts naturally to the geo-
graphic area; therefore, we should 
try to do everything we can to 
protect and foster the most desir-
able and adapted mix of native 
grasses. 
The other is the agronomic 
approach where we try to maximize 
production by adding fertilizer, 
irrigating, manipulating the plants 
and soil. 
Often we frnd that researchers 
disagree with each o,ther on these 
two approaches. So, we try to let all 
the disagreements come to the 
surface. We'll debate and argue, 
and we'll research both areas. 
There'll be places where the 
rancher will want to use the 
different techniques. 
Interviewer: We talk about SDSU 's 
"Simumate" computer program, 
which matches a crossbreeding 
program to available feed, desired 
market traits, etc. Shouldn't we also 
be matching feed to cattle? That is, 
shouldn't we be looking at the 
exotic breeds and shaping the 
meat animal to South Dakota 
climate and resources and then 
determine the feeding program? 
Farmers in South Dakota seem to be 
doing this type of experimenting 
on their own. 
Dean Acker: The "Simumate" 
effort that Dr. Chris Dinkel and Dr. 
Del Dearborn of the SDSU Animal 
Science Department have worked 
on is a big step toward a systems 
approach to, managing cattle in 
relation to the feed supply and other 
factors. 
For example, right now with high 
labor costs in meat processing 
plants, it may be worthwhile to 
market larger cattle than formerly. 
It's true, if you can produce a 
larger calf, you may get more beef 
on the ground per hour o,f labor, 
but on the other hand, the larger 
cow which produces a larger calf 
may be less efficient in utilizing the 
feed energy. All of these variables 
need to be built into a program and 
production system. This means that 
in research work, we need to 
involve several disciplines to 
develop computer simulations that 
will expand this "Simumate" 
co,ncept. You could, theoretically, 
feed into the computer the cost of 
labor, feed supply, len'gth of 
growing season, breed 
characteristics, etc., and come out 
with the breed characteristics you'd 
want in a cow herd. 
Interviewer: But what about 
another way of attacking increased 
production potential-through a 
mix of germ plasm? Or do, we 
already know all we need to 
know abo,ut cross b reed ing? 
Dean Acker: W e know some of the 
pieces, but we don 't know them 
all . We know the benefits of 
crossing and the genetic 
explanation- heterosis , but we 
do n't know all the sites of impact 
w it h in the an ima l. What goes on 
inside the crossbred animal to 
ca use faster growth? Is there better 
digestion , hormone balance? 
Interviewer: What other areas 
need further research to put this 
state in a more competitive 
agricultural production position? 
Dean Acker: We sorely need more 
research in increased water 
utilization for grass, co,rn, soybeans 
ments for tilling some of our soil 
types may be less than required 
elsewhere. 
In meat production, if we could 
utilize more grass and less grain, 
we could lower o,ur energy 
requirements per hundred pounds 
of beef. 
A recent study by Cornell' 
University researchers found that it 
ta kes more calories of energy 
to.day to produce a calorie of 
energy in corn than it did in 1940. 
That's because we use up more 
energy in the tillage operations, in 
the spraying, cultivation and 
harvesting and in the drying process 
than we did in 1940. We a re less 
efficient nowadays in terms of 
energy utilization because we are 
using up calories through the 
ammonium nitrate fertilizer 
(produced from natural gas) and in 
herbicides and insecticides. 
These practices enabled 
agriculture to move toward larger 
yields and less manpower. The 
'water 1s our limiting resource' 
and small grains. That's because 
water is our limiting resource. We 
may not need as much water as we 
think we need to irrigate . I've seen 
research in another state recently 
where they found they can get by on 
50 to 65 pe rcent as much water as 
they have been using on corn or 
soybeans. 
We have a very productive soil 
in eastern South Dakota for grain 
p roduction and el sewhere we have 
very productive so il for grass 
production, but water is a major 
limitat ion . 
Beyond this, I think we need 
re search into conserving energy 
r.eq u irements in g ra in and meat 
production to sa ve t ime and money. 
If we can reduce th e gallons of 
ga soline or d iesel required to 
prod uce an a cre of corn from 7 
gallons to l o r 3 gall o ns, we ca n 
lower th e inp ut costs tre men dous ly . 
The odd s for d o ing this in South 
Dakota m ight be better t han in t he 
so ut he rn states; becau se of our drier 
cl imate w e have le ss weed 
competi t io n. We a lso ha ve a so il 
with pretty good til th . The organ ic 
ma tter doesn' t d eco m pose in th is 
latitude as rap id ly a s it w ou ld 
fa rt he r so uth , so the powe r require -
energy inputs we used were 
cheaper than the energy produced 
in corn. 
Interviewer: Shipping South 
Dakota calves to feedlots in other 
states uses fuel. So does the way we 
market the meat from the packer 
to the grocery stores. Wouldn't 
we conserve calor ies (in the form .of 
petroleum fuel and livestock 
shrinkage) by keeping the industry 
here where the feed is , processing 
the meat products in South Dakota 
and then shipping them to the 
grocery stores of the nation? 
Dean Acker: Yes, we could 
conserve calories by keeping the 
industry here and we'd help 
ourselves in other ways also. But 
there 's another part to your 
question , that is, we could 
co nserve calories for the nation as a 
wh ole if we had a " real t ime" or 
" im mediate t ime" compute rized 
m a rket information system . Th is is 
is being developed in some fin ished 
live stock marketing situat ions . This 
is w he re the p rod ucer tell s the 
com p uter t he an ima ls he has for 
sale, th e ir qua lity, characte ri sti cs, 
weight, etc., while at the sa me ti me 
the buyer te lls the compute r his 
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demands. The computer, doing the 
matching and sorting, may find a 
buyer 6 miles down the road who • 
needs exactly what you have. It 
can result in fantastic transportation 
cost savings. 
This type o,f thing was done in 
one of our Plains states about 2 
years ago when they had a fantastic 
wheat crop. The Experiment 
Station computerized those who had 
storage capacity and those who 
were short on storage capacity. 
This enabled the state to minimize 
the distance grain had to be moved 
to sto,rage and thereby cut costs·. 
Interviewer: Almost a decade 
ago, some enterprising Iowa 
bus.jness men figured out a way to 
reduce the expenses of shipping 
live beef and made a fortune. 
They slaughtered the cattle 
within a 90-mile radius of the area 
where the cattle were fed, then 
shipped refrigerated carcasses to 
the human· population centers. 
Couldn' t South Dakota do the same 
with both cattle and sheep? 
Dean Acker: Yes, but it is an 
entirely different ball game any 
time one of the co,sts change. If 
transportation costs change, then 
things become feasible that may • 
not have been before, and vise 
versa. 
Interviewer: If the College of 
Agriculture and Biological Sciences 
at SDSU had an unlim·ited budget 
for agriculutural research and 
education, what . suggestions 
would you make for South Dakota? 
Dean Acker: These may no,t be in 
priority order, but here's what I 
would suggest: ' 
First, take the results of research 
and put it ' in the hands and 
minds of the individual users . 
We need to make .more efficient use 
of our research . For example, if 
w e wanted to more efficiently use 
the research on this " Simumate" 
program, I would ferret out the 
names of all cow herd managers 
and invite them individually to a 
conference ta ilo,r-made for them . 
We might divide them into four or 
fiv e categories by type of operation 
o r by geographic regions. We would 
ask them to bring their farm records. 
This would give them a direct 
ex posu re to what we can do fo r • 
them. , 
W it h a real istic limit to the fu nd s 
a vailabl e we've had to p ut research 
• 
• 
• 
out on a 'display board or call a 
general meeting. We've moved 
toward specific educational 
programs for spe.cific people and 
I'd like to move faster. We do a lot 
of research that doesn't quite get 
into the hands of every potential 
user. 
If we had research coming out on 
the water resources that are 
available, we would seek out the 
city co,uncilmen in charge of water 
supplies fo-r' each town in the state 
and invite them to a conference 
and present this new information 
directly. 
Not only would we put the 
research into the hands of the 
the pe ople. We would also 
get more feedback from them 
regarding future research needs . 
Another thing I would suggest 
would be to open the door for 5 or 
6 of our faculty to take an 
immediate sabbatical leave in 
industry. We would put an 
agricultural economist, for example. 
into a s1gnficant-sized commercial 
bank, in the farm or agriculture 
and business loans area , for a year 
or two. When he came back to 
teach a g ricu ltu ra I economics, he 
would have more experiences and 
illustrations to more effectively 
teach his students. 
We would put another faculty 
member with a professional farm 
manager or a farm machinery or 
meat processing busine·ss for six 
months. An anihial nutritionist 
might be placed with ~ feed 
company for three months in 
formulation, for a month in sales 
and service work and for a time 
with their service veterinarian. 
We might spend a little of this 
money to hire some of the people 
in industry to come on campus 
and teach our classes for a month 
or maybe even for a semester. 
Still another thing would ,be to 
develop an internship program for 
senior students to, do a special 
p roblem under the supervision of a 
d istrict feed sales manager or a 
banker, farm equipment dealer or 
other agri -business men. 
Why don ' t we do these th ings 
now? If you were to run such an 
internship program, I would guess 
it would be a full-time job for one 
facu lty member to supervise every 
25 to 30 students . We just do,n' t 
have enough faculty. Already, ou r 
te a ch ing loa d pe r faculty 
member at SDS U in the College of 
Agr icultu re is tw ice that of many 
land grant universities in terms of 
student credits taught. 
Interviewer: Since 1940, hasn't 
the College of Agriculture in fact 
doubled the teaching load of each 
teacher, while the graduate course 
offerings were reduced? 
Dean Acker: We have about 
the same number of full-time 
equivalent teachers in the College 
of Agriculture we did 8 years ago. 
In the meantime, st udent credits 
taught have gone up 40 to 45 
percent. 
lnterviewe'r: Are you saying 
that the a ctua I return to the state 
and to the students would be 
greater if your internship and 
sabbatical programs were financed 
and implemented? 
Dean Acker: No question about it! 
Interviewer: What wou Id you 
say w e re this sta te's ma jor 
a cco m pl ishments in a g ricu ltu re the 
la st 10 years? 
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Dean Acker: Number l, I think is 
the increase of beef cows, 
particularly in the corn belt section 
of the state where there has been a 
lot of unused ro,ughage and still is. 
Number 2 is the rapid increase in 
performance testing in the beef-
cow herds. Most of the increase 
occurred about l O years ago, but 
there has been a real utilization of 
performance testing to increase the 
efficiency of the beef cow. 
Number 3 is a very sharp increase 
in the efficiency of small grain 
production. Farmers have improved 
their ability to handle flax and 
o-ther small grains considerably. 
They are us ing hardy, more 
adapted varieties of small grain, 
utilizing tillage and other practices 
to reduce winter kill. 
Number 4 is better management 
of corn . South Dakota corn 
prod uct ion has moved corn north 
an d w e st . Th is has bee n do ne 
th rough release of adapted inbred 
lines by the Experiment Station and 
use by farmers of other statio,n-
developed technology-insect 
control, moisture-conserving 
practices, weed control, etc. 
Number 5 is improved insect 
control. We have a real good group 
of commercial insecticide 
applicators in South Dakota. They 
have sought out good information, 
eagerly participate in training 
sessions handled by Extension 
entomologists, and I think they are 
doing a superior job. 
Number 6. Though we were very 
slow in utilizing fertilizer in this 
state, in the last 6 years its use has 
gone up rapidly. This has made our 
water, labor and land mo,re 
efficient. 
Number 7. We have gone about 
as far as we can raising soybeans, 
either in acreage or yields until 
we get some real genetic changes 
in the plant. We just don't have 
enough heat units in most of South 
Dakota to be a real strong soybean 
state. 
lnt,erviewer: What do you feel 
were the major accomplishments in 
the College o,f Agriculture over the-
last l O years? 
Dean Acker: One of the real 
developments statewide is that 
people are increasingly sending 
their children to the .College of 
Agriculture to be educated. The 
enrollment has increased 
significantly, ,and this should prove 
to be a real plus for South Dakota 
agriculture. 
Anyway you cut it, the College of 
Agriculture and Biologica·I Sciences 
has had mo,re than its proportion-
ate share of teacher reco,gnition on 
this campus. In other words, we 
have real hard working and very 
effective teachers, and the 
students have appreciated them 
and they've shown their 
appreciation. 
We've had a 40 percent increase 
in student credits taught with no 
increase, and sometimes decreases, 
in faculty numbers. This has been 
physically possible simply because 
the faculty has worked hard and 
has tightened up on course , 
o,fferings. We reduced the number 
of courses offered about 17 percent 
3 or 4 years ago. 
In research, we moved out very 
strongly in following the path of 
pesticides through the food chain. I 
felt it was the responsibility of the 
Experiment Station to do that. 
Agriculturists are the o,nes who use 
pest icides, and they ought to know 
where they end up. We've been 
strong in researching the pollution 
potential of feedlots and how to 
handle it. We've put increased 
investment in agricultural 
engineering and we have some 
livestock people working on that. 
Because we don't have enough 
money to have a thorough research 
program in everything, we have 
tried to pick out what was important 
and concentrate on that. In 1967, 
the College of Agriculture selected 
. its top l O goals and then the next 
· set of . l 0. There has been a steady 
movement of faculty attention 
and time toward these goals. 
In the S. D. Cooperative 
Extensio,n Service, there are at least" 
four significant things that I would 
like to mention that have occurred 
during the last l O years. 
First, we made the decision that 
we wanted to establish research and 
Extension centers and we wanted 
to increase our field expertise. 
Secondly, we made the decision to 
provide some opportunities for the 
6 
county staffs to specialize. We 
haven't gone as far as we'd hoped, 
but we are trying several systems 
and studying others. 
Thirdly, we've made very 
effective use of low-cost 
publications ,and fact sheets. 
Fourthly, we've made very 
effective use of radio and television 
the last few years and we've 
made significantly increased use of 
newspapers for educational 
purposes. 
Interviewer: Were there 
disappointments? 
Dean Acker: Oh, yes! One of the 
most severe disappointments is that 
we haven't been able to even 
modestly increase our teaching staff 
to accommodate the heavier work 
load. Another disappointment is 
that we just haven't been able tQ 
keep up with inflation in our money 
for chalk, test tubes and laboratory 
equipmen-t, or, in the case of 
research activity, the gasoline; 
fertilizer, feed, etc. . 
We've actually reduced the 
number of full-time equiv,alent 
senior scientist faculty in the 
Experiment Station by about 12 or 
15 people in the last 6 o,r 8 years in 
order to free money to hire labor 
and pay the utility costs for what we 
consider to be the highest priority 
research. We've dropped a few 
county Extension positions for 
similar reasons. 
But these disappointments have 
been overshadowed by the 
appreciation that is continually 
expressed.for our foculty and staff 
by students, by farmers and 
ranchers, and by many others who 
are touched by the agricultural · 
research and Extension programs 
of SDSU. 
• 
• 
• 
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Calves pref er soybean meaL 
But cost per pound of protein 
slwuld be deciding factor in substituting 
Sunflewer Beal er Rapeseed 
Heal in CJalf 
Rali11s 
D. J. Schingoethe, P. E. Stake, 
G. L. Beardsley, M. J. Owens 0 
The high soybean meal prices of 1973 have 
raised interest in-alternative protein 
supplements for livestock feeding. Two possible 
alternate protein supplements are sunflower 
meal and rapeseed meal. Both of these have 
been recently studied in feeding trials with 
dairy calves at South Dakota State University. 
Sunflowers are being grown in increasing 
quantities in South Dakota. Sunflower meal, like 
soybean meal, is a high protein byproduct of 
the vegetable oil ·industry. Sunflower meal 
contains 38 to 46%. crude protein, slightly less 
than soybean meal at 44 to 50%, but it appears to 
be a high quality protein. However, sunflower 
meal contains more fiber than soybean meal, 
about 11% crude fiber versus 6% for soybean · 
meal, which would be expected to reduce the 
digestible energy value of sunflower meal. 
The rape plant is a member of the mustard 
family. It can be grown in many parts of the 
world, especially in cooler climates. Rapeseed 
production is becoming increasingly important 
in Canada, where it is now the fourth most 
important crop, because its oil can replace 
soybean oil in some food uses. Rapeseed 
production ranks fifth ( about 4 million metric 
tons/ year ) in total world tonnage of edible 
vegetable oil seeds, exceeded only by soybeans, 
peanuts, cotton seed and sunflowers. Rapeseed 
production in Canada increased more than 
250% during the 1960's. Increasing amounts of 
rapeseed are also now being crushed in Canada 
for oil extraction rather than being exported to 
Japan or Europe for crushing. This makes 
increasing amounts of rapeseed meal available 
for U. S. and Canadian livestock feeders. 
0 associate professor, former research assistant, research 
assistant, and E xtension dairyman ; D airy Science D e-
partment 
Rapeseed meal contains about 36 to 40% 
crude protein, slightly less than soybean and 
sunflower meals . It is also more fibrous , 
containing about 13% crude fiber. Rapeseed 
meal also has some additional problems which 
sometimes limit its use in livestock feeds. Some 
rapeseed meals contain high levels of 
glucosinolates, goitrogenic compounds which 
may depress animal growth and feed efficiency. 
A new variety of rapeseed meal, Bronowski 
meal, has been developed which contains very 
low levels of these glucosinolates. The feeding 
value and palatability of this variety of 
rapeseed meal have not been previously tested 
with cattle. 
The objectives of this research were: 
1. To compare the feeding values of 
sunflower and rapeseed meals to soybean 
meal. 
2. To compare the feeding values of regu'lar 
and Bronowski rapeseed meal. 
Dairy calves were used in this research 
because their growth is responsive to protein 
quality. Also, ~alves are sensitive to palatability 
problems of feeds; consumption will drop off if 
they don't like the feed. 
Experiment 1 
In this experiment, 48 Holstein calves were 
divided into three groups of 16 calves each and 
and fed one of three grain rations from birth to 
14 weeks of age. The rations ( Table 1 ) 
contained sunflower meal, rapeseed meal or 
soybean meal as the protein supplement. All 
rations were formulated to contain 15% crude 
protein. Each calf also received 8 lbs whole 
milk/ day until weaning at 150 lbs body weight 
and alfalfa-brome hay free choice throughout 
the experiment. Calves were housed in 
individual outdoor calf hutches. 
The results ( Table 2 ) showed that calves fed 
the sunflower meal ration grew just as well as 
those fed the soybean meal ration, but 
p erformance was not quite as good on the 
rapeseed meal ration. Calves fed sunflower and 
rapeseed meal rations were fed milk for a 
longer period of time than those fed soybean 
meal primarily because of their lower average 
birth weights . However, the slower early rate of 
gain by the rapeseed meal group also caused 
an extended milk feeding period for that group. 
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Grain consumption pointed to the problem 
with rapeseed meal. Calves ate significantly less 
rapeseed meal ration, especially during the first 
8 weeks of the experiment, because it didn't 
taste good. They ·compensated for their reduced 
grain consumption by eating more hay. 
Modifications of these rations were also fed 
to 300 lb Holstein steers in a digestion trial. 
Digestion trial results ( Table 3) indicated that 
digestibility of the dry matter and energy was 
higher in soybean meal than in sunflower meal, 
but protein digestibilities were equal. Thus, the 
growth trial and digestibility trial results indicate 
that sunflower meal can very satisfactorily 
replace soybean meal as a protein supplement 
in calf rations. 
Rapeseed meal appeared to be just as 
digestible as soybean meal, but this was 
probably accidental. The steers also disliked the 
taste of the rapeseed meal ration. They ate 
barely enough to maintain their body weights, 
much less gain 2 lbs/ day. At this low level of feed 
consumption the ration nutrients are very 
efficiently utilized-more efficiently than at the 
higher consumption rates of the steers fed 
soybean meal or sunflower meal ~ations. That's 
why the rapeseed meal appeared to be just as 
digestible as soybean meal. 
Experiment 2 . . 
In this experiment, 36 Holstein calves were 
divided into 3 groups of 12 each and fed one of 
three grain rations. The rations contained 
rapeseed meal, Bronowski variety rapeseed meal 
or soybean meal as the protein supplement. 
All rations were formulated to contain 
approximately 16% crude protein. 
Three steps were taken in an attempt to assure 
adequate consumption of each of the three 
rations: 1) Molasses was added to all three 
rations primarily to mask the undesirable flavor 
of the rapeseed meal. 2) All rations were 
pelleted as complete rations containing 20% 
alfalfa hay to avoid calves eating hay instead of 
grain. 3) All calves received the same total 
amount of milk rather than continuing to receive 
milk until they reached a certain weight. 
All calves were given 8 lbs milk/ day the first 
· 4 weeks of lif.e and 4 lbs / day the fifth week. All 
dry rations were fed free choice and the calves 
were housed in individual calf hvtches. 
Results of experiment 2 ( Table 4) showed that 
calves ted soybean meal again gained more 
weight than those fed rapeseed meal. 
Performance on the Bronowski variety of 
rapeseed meal was better than by calves fed 
regular rapeseed meal, but neither group gained 
as much as those fed soybean meal. 
8 
F eed consumption was again a partial reason 
for the growth results. Calves still disliked the 
two rapeseed meal rations and therefore did not 
eat as much as those fed the soybean meal 
ration. Bronowski meal was not liked much 
better than regular rapeseed meal, either. 
Th~ feed efficiency data showed some 
differences between the two rapeseed meals, 
which were especially noticeable during weeks 
6 through 12. This was the time when pelleted 
rations were the only sources of nutrients fed 
these calves. Calves fed Bronowski meal 
appeared to utilize their feed just as efficiently 
as those fed soybean meal, wher,eas calves 
fed regular rapeseed meal required more 
feed / lb gain. · 
As the calves finished this experiment at 12 
weeks of age, four bu11 calves fed each ration 
were continued on their respective rations for 
an additional 9 days to collect digestibility data. -
Digestibility trial results ( ~able 5) confirmed 
results of the growth trial ( Table 4): 
digestibilities of dry matter and protein were 
highest on soybean meal, lowest on rapeseed 
meal and intermediate on Bronowski meal. Feed 
consumption of all three rations was 
approximately the same at about 3 lbs dry 
· matter/ 100 lbs body weight in this digestion 
trial, thus giving a more realistic appraisal of 
rapeseed meal digestibility than found in 
experiment 1. 
Conclusions 
• Sunflower and rapeseed meals can be used 
successfully in calf rations although 
performance may not be quite as good on 
rapeseed meal. · 
• Sunflower meal can replace soybean meal as a 
protein supplement in calf rations. Cost per 
pound of .protein should be the deciding 
factor. 
• Rapeseed meal can probably replace up to 
one-half of the soybean meal protein in calf 
rations without causing n~ticeable reductions 
in calf performance. But calf weight gains 
will likely be reduced if rapeseed meal 
replaces all the soybean meal in the ration. 
Again, cost per pound of protein should be 
considered. 
• Performance of calves fed Bronowski variety 
rapeseed meal ( low glucosinolate rapeseed 
meal) was better than performance of calves 
fed regular rapeseed meal, but still not equal 
to calves fed soybean meal. 
• Less voluntary feed consumption of rapeseed 
meals as compared to soybean meal 
consumption is the main reason for poorer 
animal performance when fed rapeseed 
meals. 
• 
• 
• 
• 
• 
Table 1. Composition of experimental 
calf starters. 
Ration* 
Sunflower Rapeseed Soybean 
Meal Meal Meal 
Ground shelled ~orn ____ 46.8 
Rolled oats __ __________________ 19 .0 
Beet pulp __ ____ ________________ 6.3 
Wheat bran __________________ 2.6 
Sunflower meal _______ _____ 22.6 
Rapeseed mea I ___________ _ 
Soybean meal _____________ _ 
Dicalcium phosphate __ 1.5 
Trace-mineralized salt 1.25 
% 
40.7 
20.2 
7.6 
2.5 
26.2 
1.5 
1.25 
46.8 
22.6 
7.6 
2.5 
17.7 
1.5 
1.25 
* All rations also conta ined 725 international units (IU) vitamin 
A, 11 4 IU vi tamin D, and 20 mg. antibiotic per pound. 
Table 2. Weight gains, feed consumption and feed 
efficiency of calves fed rations containing sun-
flower, rapeseed, or soybean meals. 
Ration 
Sunflower Rapeseed Soybean 
Meal Meal Meal 
Birth weight, lb ______ __ __ __ 86.2 
Weaning age, days ___ ___ 53.8 
Wt gain, lb/ day 
0-8 wk of age __________ 1.28 
-8-14 ·wk of age ________ 1.57 
0-14 wk of age _____ ___ 1.41 
Feed cosumption, lb dry matter 
(DM) consumed/ day 
0-8 wk of age 
Mi I k _________________ _______ . 9 5 
Grain ______ ____ __ _________ _ 
Hay __________________ __ ___ _ 
8-14 wk of age 
1.15 
.48 
Grain ____ __ _______ ______ ___ 3.22 
Hay ______ __________________ 3.04 
Total, 0-14 wk'of age 4.14 
Feed efficiency,· lb. · _ 
DM consumed/ lb gain 
0-8 wk of age ______ ____ l.99 
8-14 wk of age _______ 4.40 
0-14 wk of age "------- 2.96 
88.2 
54.2 
1.15 
1.57 
1.28 
.95 
.68 
Jl 
2.56 
3.46 
3.95 
2.13 
3.92 
3.10 
97.7 
45.9 
1.30 
1.63 
1.43 
.82 
1.28 
;68 · 
3.37 
3;35 
4.34 
2.16 
4.40 
3.08 
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Table 3. Digestibility of rations containing 
sunflower, rapeseed or soybean meals. 
Ration 
Sunflower Rapeseed Soybean 
Meal Meal Meal 
Number of steers __________ 4 4 4 
Daily dry ·matter intake, 
lb / 100 lb. body wt.__ 2.76 1.55 2.73 
Coefficients of digestion, % 
Dry matter -r ---------- 67.5 74.0 75.5 
Crude pro,tein ___________ 81.5 79.4 81.7 
Digestible energy, 
Therms/ lb ------- ---- -- - 1.28 1.44 1.47 
Table 4. Weight gains, feed consumption, and 
feed efficiency of calves fed rations containing 
regular rapeseed meal, Bronowski variety rape-
seed meal, or soybean meal. 
Ration 
Rapeseed Bronowski Soybean 
Meal Meal Meal 
Weight gain, lb / day 
0-5 wk of -age __ ___ __ ________ .90 .68 .97 
5-12 wk of age ________________ 1.39 l.81 2.16 
0-12 wk of age ______ ___ _______ 1.19 1.37 1.65 
Pelleted feed consumption, 
lb / day 
0-5 wk of age ______ __ ___ __ _____ .75 .60 .82 
5-12 wk of age ______________ 4.59 5.05 5.95 
0-12 wk of age __ ____ __ ________ 2.93 3.13 3.81 
Feed efficiency, lb DM 
consumed/ lb gain 
0-5 wk of age _______ __ _______ l.89 2.26 l.85 
5-12 wk of age ______ ____ ____ 3.08 2.43 2.45 
0-12 wk of age _______ _____ __ 2.56 2.39 2.26 
Table 5. Digestibility of rations containing regular 
rapeseed mea,1, Bronowski variety rapeseed meal., 
or soybean meal. 
Daily dry matter intake, 
Rapeseed 
Meal 
lb / 100 lb body wt __ 2.90 
Coefficients of digestion, % 
Dry matter __ ________________ 76.5 
Crude protein __________ 66.5 
Digestible energy, 
Therms/ lb __________ __ ____ 1.48 
Ration 
Bronowski 
Meal 
3.01 
78.6 
73.5 
1.53 
Soybean 
Meal 
3.22 
84. l 
80.6 
1.60 
Establishment method, variety, and 
seeding rate alf ect quality 
and production ol 
Alfalfa under 
dryland and 
irrigation 
Charles R. Krueger and Lloyd H. Hansen° 
The seeding rate you select for alfalfa is de-
pendent upon the number of harvests you plan to 
take the seeding year. If you plan not to cut the 
alfalfa or plan only to take a grain harvest from 
the companion crop, a seeding rate of 8 lb/ acre of 
pure live seed will give you maximum yields the 
second and third years. But if you want to harvest 
two or more forage crops the seeding year, yo,u 
should use 12 lb/ acre of pure live seed. 
New research involvjng thee-valuation of establish-
ment methods, alfalfa varieties, and seeding rates has 
added to our knowledge of how to get pure stands of 
alfalfa for hay, silage, and dehydration. This study 
was conducted under dryland conditions at Gayville 
in Yankton County, at the Pasture Research Center 
near Norbeck in Faulk County, and under irrigated 
conditions at the Agricultural Engineering Farm south 
of Brookings. 
South Dakota ranks sixth in the natio'n in alfalfa hay 
production and seventh in the production of alfalfa 
seed. The state harvests approximately 2~ million 
acres of alfalfa hay annually with production of 
3,669,000 tons in 1973, according to the South Dakota 
Crop Reporting Service. • . . 
Three hay-type alfalfa varieties were used m the 
study: T3X-8, an experimental hybrid; Saranac, a 
0 Associate Prpfessor and Head, Deparbnent of Plant Science; 
and former graduate student, Department of Plant Science, 
now District Supervisor, South Dakota Cooperative Extension 
Service. 
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quick-recovering, moderately-winterhardy alfalfa;· and 
Vernal, a winterhardy, bacterial wilt-resistant variety 
recommended for hay. Supplemental water was ap-
plied at Brookings with a tow-line sprinkler-type irri-
gation system. Moisture resistance blocks were used 
to determine the amount of available moisture in the 
soil. 
Establishment Methods 
Four methods were used to establish pure alfalfa 
stands: ( 1) no companion crop or herbicide (check), 
( 2) a preplant herbicide, Eptam ( EPTC) p ( 3) a com-
panion crop of Kota oats harvested for forage, and ( 4) 
a companion crop of Kota oats harvested for grain. 
. Table 1. Effect of establishment method on total weed-
free forage production for the seeding year (12% 
moisture basis). 
Brookings Gayville Norbeck 
Establishment method (Irrigated) (Dryland) (Dryland) 
Check ----------~------------------- 4.39 
Herbicide ____________ ____________ 4.82 
Oat forage ______________________ 5.88 
Oat graint ______________________ 2.05 
tons/acre 
2.91 
3.43 
4.72 
0.69 
0.00* 
0.53 
3.00 
'*'Check treatment was not harvested due to the severe infestation of 
broadleaf weeds that were mowed for control. 
t in addition to the forage yield, 60.0, 79.9, and 58.1 bu/acre of grain 
and 1.99, 2.27,and 1.96 tons/acre of straw were harvested in the seed-
ing year at Brookings, Gayville, and Norbeck, respectively. 
With a companion crop 
Alfalfa established with a companion crop of oats 
harvested early for forage produced the most weed-
free yield the seeding year ( Table 1). The oat forage 
was harvested at the late-milk to early-dough stage 
( Fig. IA) and the oat grain when the oats were ma-
ture. At Gayville and Brookings, the oat forage treat-
ments were cut three times the seeding year, once for 
oat forage and twice for regrowth alfalfa. The oat grain 
treatment was harvested twice, once for grain and 
once for regrowth alfalfa forage. At Nor beck, only one 
harvest was possible during the seeding year on both 
the oat forage and oat grain treatments. 
The oat companion crop limited weed contamina-
tion to less than 15% of dry matter yield in the first 
harvest at all locations. When neither a companion 
crop nor a herbicide was used during establishment, 
• 
• 
• 
t 
• 
• 
first-harvest yields contained 45% to nearly 100% weeds 
( Fig. 1B). Although this method produced a weedy 
first crop, the second and third harvests contained few 
weeds. 
With a herbicide 
Interest in establishing alfalfa with a herbicide has 
developed in some areas of South Dakota, especially 
for the dehydrating industry. When Eptam was used 
as a preplant incorporated herbicide, neatly pure 
alfalfa forage was harvested approximately 10 weeks 
after planting ( Fig. lC). Three harvests were possible 
the seeding year at both Gayville and Brookings; only 
one harvest' was J?OSsible at Nor beck. 
Table 2. Effect o·f establishment method on forage 
protein percentages for the first harvest in the 
seeding year. 
Brookings Gayville 
Establishment method (Irrigated) (Dryland) 
% 
· Check -------------------- ------------ 13.5 12. l 
Herbicide __________________________ 17.3 17. 9 
Oat forage ------------~--------- 8.4 l 0.1 
Alfalfa established with Eptam was highest in pro-
tein percent the· first harvest of the seeding year 
( Table 2). The lower protein for the check treatment 
reflected the high percentage of weeds present when no 
herbicide or companion crop was used. The lower oat 
forage protein was a result of the characteristically 
lower protein content of a grass like oats. Despite these 
differences, the yield of protein in the seeding year was 
similar among the check, herbicide; and oat forage 
establishment methods. 
Effect the following years 
No important differences in second and third-year 
production were ob.served at any location as a result of 
establishment method. Any yield advantage for one 
method over another was limited to production the 
seeding year . 
Four harvests were made each year at Gayville and 
Brookings in both the s·econd and third years. Two cut-
tings were made at Norbeck the second year, but only 
one cutting the third year because of drought. All har-
vests were made at either the first-flower stage or when 
basal regrowth was ?4 to rn inches high. Observation of 
basal regrowth was especially important under irriga-
tion. All harvests during the seeding and following 
years were completed by early September. Second-
year yields of protein from alfalfa averaged 1.25 tons / 
acres at Brookings and 1.41 tons / acre at Gayville. 
Establishment method recommendations 
When determining a method of alfalfa establish-
ment, consideration must be given to the individual 
farm or ranch situation. If an oat companion crop is 
used, either a profitable use mi1st exist for it in the 
livestock enterprise, or a market must be available for 
the straw, oat grain, or oat forage. In some areas, a 
companion crop may be necessary to avoid soil erosion 
during establishment. If the producer is primarily 
interested in contracting alfalfa to a dehydrating plant 
or in selling alfalfa hay, a preplant herbicide can be 
used to obtain pure alfalfa the seeding year. Establish-
ment of alfalfa with herbicides may be the answer for 
farmers having difficulty establishing alfalfa due to oat 
competition, draughty conditions, or when new stands 
are needed quickly because of winterkilling. 
Seeding Rates 
An important factor in maximizing the production 
of alfalfa is establishing full stands. With the increased 
cost of seed and the increased value of alfalfa hay, the 
question arises whether present seeding rates are suf-
ficient for obtaining maximum yields. This experiment 
evaluated four seeding rates of alfalfa: 4, 8, 12 and 16 
pounds of pure live seed per acre. Pure live seed is the 
product of total germination times purity and repre-
sents that seed which will actually grow and produce 
alfalfa plants. The seed was planted in a firm seedbed 
with a drill equipped with double disk openers and 
depth bands. Immediately after seeding, the field was 
packed with either a corrugated roller or the pressure 
wheels of an empty grain drill. 
Fig. l. Alfalfa planted on April 24, 1971, at Gayville. A. Established with Kota oats. Picture was taken one week 
prior to harvest. Weeds made up 11 % of the first-crop dry matter yield harvested on July 8. B. Established with no 
herbicide or companion crop (check). Weeds made up 55% of the first-crop dry matter yield harvested on June 
30. C. Established with the herbicide Eptam. Nearly pure alfalfa was harvested 68 days after planting on June 30. 
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Ta.hie 3. Effect of seeding rate on total weed-free forage 
production (12% moisture basis). 
Seeding Increase 
rate pure Year for each 4 
live Seeding Second Third Total lb/acre of ad-
seed (1971) (1972) (1973) (1971-73) ditional seed 
lb/acre tons/acre 
Brookings (Irrigated) 
4 ------ 3.72 6.28 7.89 17.89 
8 ------ 4.28 6.50 8.15 18.93 +1.04 
12 ------ 4.50 6.48 8.21 19.19 +0.26 
16 ------ 4.63 6.45 8.27 19.35 +0.16 
Gayville ( (Dryland) 
4 ------ 2.65 7.60 7.99 18.24 
8 ------ 2.87 7.90 8.18 18.95 +0.71 
12 ------ 3.08 7.87 8.26 19.21 +0.26 
16 -----· 3.15 7.93 8.30 19.38 +0.17 
Norbeck (Dryland) 
4 ------ 3.53 0.75 4.28 
8 ------ 3.78 0.76 4.54 +0.26 
12 ------ 3.90 0.81 4.71 +0.17 
16 ------ 3.91 0.83 4.74 +0.03 
Effect the seeding year 
Higher yields were obtained in the seeding year 
with irrigation at Brookings as seeding rates increased 
up to 16 lb/ acre ( Table 3). Under dryland conditions 
at Gayville, meaningful increases were noted at each 
seeding rate up to 12 lb/ acre. The optimum seeding 
rate varied with the method of establishment. 
When Eptam was used during establishment, max-
imum yields for the seeding year were obtained with 
12 lb/ acre at Brookings and Gayville. If a companion 
crop was used and harvested early for forage, the 
weed-free yield was increased with each increase in 
seeding rate up to 12 lb/ acre. No differences in alfalfa 
yield were found among seeding rates when the oats 
were allowed to mature for grain and one cutting of 
alfalfa was taken following the grain harvest. 
Effect the following years 
Meaningful increases in second and third-year pro-
duction were noted as seeding rates were increased tip 
to 8 lb/ acre. Generally, the largest increase in forage 
yield in the second and third years occurred when the 
seeding rate was increased from 4 to 8 lb/ acre. Seeding 
rates above 8 lb/ acre did not produce a profitable in-
crease in forage yield after the seeding year. 
Plant population and plant size 
Although twice as many plants were established in 
June 1971 ( 6 weeks after planting ) at the 16 lb/ acre 
seeding rate compared with the 8 lb/ acre rate ( Fig: 2), 
there was no economic advantage in a lfalfa yield i_n the 
second and third years. The roots and crowns of the 
.plants at the higher seeding- rates were smaller ( Fig. 
3-4) , and these smaller plants were each less produc-
tive. Each year there was a decrease in plant number 
at each seeding rate with the greatest loss occurring at 
the highest seeding rate. In April 1973 there were only 
twice as many plants at the 16 lb/ acre rate compared 
with the 4 lb/ acre rate. Each year plant size continued 
to increase as the plant number decreased. These re-
sults emphasize the fact that each square foot of soil 
surface in an alfalfa field will support only a certain 
maximum . amount of plant tissue because of limita-
. tions of light, nutrients, and moisture. 
Fig. 4. Vernal alfalfa planted on April 24, 1971, at Gayville. Plants pictured were dug from one square foot of soil 
surface on October 22, 1971. A. Seeding rate of 8 lb/ acre pure live seed. B. Seeding rate of 16 lb/ acre pure live seed. 
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Fig. 2. Effect of alfalfa seeding rates on alfalfa plant 
population averaged for Brookings and Gayville. 
Table 4. Effect of seeding rate on forage protein per-
centages averagec;I for_ all harvests each year. 
Seeding rate Seeding year (1 971) 
pure live seed Brookings Gayville 
lb/ acre 
4 ------------ 1 7. 9 . 
8 ------------ 1 7. 8 
12 ------------ 1 7. 5 
16 ------------ 1 7. 5 
Effect on forage quality 
18.7 
18.4 
17.8 
17.7 
% 
Second year (1972) 
Brookings Gayville 
21.8 
22.1 
22.1 
22.2 
20.3 
20.4 
20.6 
20.7 
T he question is often asked whether increasing the 
seeding rate will increase the protein content of the 
forage and thus quality. In this study, the percentage 
of protein in the forage was not affected by seeding 
rate ( Table 4). Alfalfa plant density was greater at the 
higher seeding rates and plant stems were finer. How-
ever; excessive leaf droppage was noted at the higher 
seeding rates even though the forage was harvested 
early. Apparently the shading of the lower leaves 
caused by the dense canopy resulted in early "aging" 
of the lower foliage. The use of high alfalfa seeding 
rates to obtain more protein in the forage was not sup-
ported in this study. 
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Seeding rate recommendations 
This study shows that when no harvest or only 
one harvest ( grain) is planned for the seeding year, a 
rate of 8 lb/ acre of pure live s-eed appears to be desir-
able for maximum yields the second and third years 
after seeding. A farmer or rancher planning to harvest 
two or more crops of forage in the seeding year should 
use 12 lb/ acre of pure live seed. Preparation of a firm 
seedbed , use of certified seed of a recommended vari-
ety, and use of proper planting equipment are also 
necessary for best results. 
Varieties 
When moisture was limited , T3X-8, Saranac, and 
Vernal were similar in production. T3X-8 and Saranac 
yielded more than Vernal with irrigation at Brookings 
when winter injury did not occur and under dryland 
conditions at Gayville with higher than normal rainfall. 
The average yield advantage was }~-~~ ton/ acre each 
year. During the first winter, T3X-8 and Saranac were 
winter injured at Brookings. No injury was observed 
following the second winter. At Norbeck, the three 
varieties were similar in yield each year. The yield 
advantage for Saranac. over Vernal will be obtained 
only if moisture is optimum and winter injury does not 
occur. 
QCIOSS- slope . btming 
saves ,ninfnll ,unoff . Ed Williamson and Qu$tin Kingsley• 
Acknowledgement: The authors wish to 
to express appreciation for assistance pro-
vided by the Conservation Districts of 
Area I in South Dakota. These eleven 
districts of the Northeastern area pro-
vided funds for construction materials 
for the demonstration. 
South Dakota's growing season 
rainfall usually is not sufficient for 
optimum crop production in all 
parts of the state in any one year. 
Limited rainfall some years could 
be more productive if runoff were 
saved. Serious water and soil loss 
by runoff on sloping land after in-
tensive early summer storms oc-
curs in some years. Lands with ir-
regularly patterned slopes that are 
fall plowed or summer fallowed or 
with no surface residue protection 
in the early part of the growi.ng 
season usually have the most dam-
age. However, when effective con-
servation practices are applied, 
runoff can be significantly reduced. 
Demonstration Site and Proced-
ure. It was with problems of this 
nature in mind that a runoff de-
monstration was started at the 
West Prairie Coteau Research 
Farm near Garden City, South 
Dakota. Nine plots were establish-
ed in 1968 on Poinsett silty clay 
loam with a 47a% slope. These and 
other silty soils are quite typical of 
almost 5 million acres of tillable 
0 Extension agronomist-soils and assistant professor, Plant 
Science Department 
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land in eastern South Dakota, 
much of which have runoff and 
erosion problems. 
Each of the 14 x 72 ft plots was 
enclosed on the sides and upper 
end with corrugated sheet metal, 
driven 4 inches into the soil and ex-
tending 4 inches above the surface. 
A sunken concrete collecting tank 
across the lower end of each plot 
received all runoff. If runoff ex-
ceeded the tank capacity, one-
tenth of the excess was diverted to 
a 50 gallon submerged barrel, and 
similarly diverted to a second bar-
rel when need occurred. The col-
lecting system was calibrated to 
facilitate measurement of runoff 
' 
• 
• 
• 
• 
volume. After each runoff, collect-
ed runoff was measured, sampled 
for soil-density determination, and 
the tanks were cleaned. The col-
lecting system could accommodate 
a 9-inch runoff. . 
Two rotation systems were eval-
uat d for the 5 year period of study 
-a 2-year corn-oats sequence and 
a 4-year sequence of corn-oats-al-
falfa-alfalfa. Farming operations 
were performed up- and-down the 
slope for both rotational systems, 
and across~the-slope farming was 
also used with the 2-year sequence. 
A continuous fallow plot was main-
tained on one plot. 
A mulch system of tillage was 
used for both rotational systems. 
Standard farm equipment was 
used for all tillage and harvesting 
operations. The mold-board plow 
implement was never used. Specific 
tillage operations for each crop 
were as follows: 
1. _Corn. (a) 2-y~ar sequence: oat 
stubble minimum-tilled with 32-
inch sweeps early fall; light 
spring disking prior to planting, 
using double disk opener type 
· corn planter; maximum of two 
cultivations. 
( b ) 4-year sequence: Second 
year alfalfa killed by 2,4-D 
spraying after second cutting 
and minimum-tilled- with 32-
inch sweeps at t~e same time the 
oat stubble plots of the 2-year 
sequence were tilled, other oper-
ations same as the 2-year se-
quence. 
2. Oats. Corn stalks chopped at 8-
inch height and minimum tilled 
with 32-inch sweeps following 
corn harvest; tandem disked in 
. spring prior to seeding with 
press drill equipped with ,double 
disk openers. 
3. Alfalfa. Seeded with oats as 
companion in the · 4-year se-
quence using legume attach-
ment on press drill. 
4. Summer Fallow. Tillage as need-
ed for adequate weed control 
using field cultivator with 8-inch 
shovels. 
Fertilizer was based on soil tests 
to meet nutrient needs for opti-
mum yields and applied by spring 
broadcasting before seedbed pre-
paration. The annual fertilizer 
treatments were: corn 60-30-0; oats 
.35-35-0; and alfalfa-oats 30-140-0, 
( N, P :!O., and K20, respectively ). 
Precipitation 
Monthly and total rainfall for 
the growing season ( April through 
October) for the 5-year study is 
shown in Table 1. Long-time aver-
. ages and the 5-year period are in- . 
eluded for comparison. During the 
5-year study total growing season 
rainfall was above the normal in 2 
of the 5 years. During the years of 
below normal rainfall, storms 
heavy· enough to cause runoff oc-
curred early in the season when 
the soil was least protected. 
Runoff and Soil Loss 
Runoff and soil loss as influenced 
by the two rotational systems, fal-
low, and slope orientation are sum-
marized for the 5-year period in 
Table 2, and shown graphically in 
Figure 1. Runoff and soil loss were 
the greatest under fallow where the 
soil surface had no residue pro-
tection. Next greatest losses oc-
curred with the corn row crop, 
where the soil surface conditions 
were exposed to rainfall effects 
during the early part of the grow-
15 
ing season before crop canopy pro-
tection, and next with the small 
grain of oats. Only negligible 
amounts of runoff and soil loss 
were evident with the first and 
second year alfalfa crop. Interest-
ingly enough, these runoff and soil 
losses for both corn and oats were 
significantly reduced when the 
farming pattern was altered . 
Switching the direction of farming 
from up-and-down slope to across-
the-slope, or contour farming, re-
duced runoff and soil loss for corn 
29 and 51 percent, respectively. 
While the runoff and soil loss re-
ductions were less pronounced for 
the oat crop, on a percentage basis 
82 and 7 4 percent, they were even 
greater than for corn. 
Crop Yields 
Yearly and 5-year average yield 
and water use efficiency compari-
sons of the 2- and 4-year rotational 
systems for up-and-down slope 
farming and across-the-slope farm-
ing of the 2-year rotation are 
shown in Table 3. The yield differ-
ences between the 2 and 4 year ro-
tations for up-and-down slope 
farming are quite comparable for 
each of the grain crops. Where 
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Figure 1. Five year average soil loss and runoff, 
West Prairie Coteau Research Farm, 
Garden City, South Dakota 1969-73 
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farming. Similarly, oat yields were 
increased by an average 14 bushels 
per acre. The 5-year average yields 
are graphically shown in Figure 2. 
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Water use efficiency is apparent-
ly greater under the contour farm-
ing system. Slightly more than 6 
bushels of corn or oats were pro-
duced from each inch of water 
used under the contour system; 
while with the up-and-down slope 
farming 4.8 bushels of corn and 5.3 
bushels of oats was produced with 
each inch of water used. 
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noticeable variances occur, either 
the preceding year's carryover of 
fertility and/ or soil moisture ap-
pear to be the influencing factors. 
The lower corn yields in 1971 for 
both rotation systems of up-and-
down slope farming reflect the in-
fluence of the previous year's be-
low normal rainfall, along with the 
depleting moisture effect alfalfa 
land has on subsequent cropping, 
particularily in years of below nor-
mal rainfall. The severest rainfall 
shortage of the study occurred in 
1973 when a 9.02 inch deficit was 
· recorded and is reflected by the 
lowest yields for the entire study. 
It is interesting to note the eff~ct 
across-the-slope or contour farm-
ing has on improving rainfall ef-
fectiveness. Corn yields were in-
creased annually from 6 to 22 
bushels per acre., with an average 
of 14 bushels more than yields re-
ceived by up-and-down slope 
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Figure 2. Five year average crop yiel.ds 
West Prairie Coteau Research Farm, 
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Table l. Growing Season Rainfall Data: Long Term Average, 5 Year Average and 
Monthly Range, Garden City, South Dakota 
-
5 Yr. Long Time 
1969 1970 1971 1972 1973 Average Average 
Inches 
April ------------------------ 1.13 2.03 l.83 3.33 1.42 l.95 2.19 
May --------- ----------------- 3.44 2.65 2.69 6.99 1.24 3.40 2.85 
June -------------- --- ------- 2.47 4.70 4.95 1.16 1.24 2.90 4.00 
July -------------------------- 6.51 1.52 1.01 5.08 1.41 3.11 2.87 
August ----- --------- ------ 0.76 0.22 5.81 1.56 1.60 1.99 2.96 
September -- ------------ 0.56 1.66 1.41 0.32 1.91 1.17 2.27 
October __ ___ ____ ________ __ 2.27 1.75 4.23 1.63 0.82 2.14 1.52 
Total ---- ----- ------------- 17.14 14.53 21.93 20.07 9.64 16.66 18.66 
Departure long 
Term Ave. ___ ___________ _ -1.52 -4.13 +3.27 + 1.41 -9.02 -2.00 
Table 2. 5-Yr. Summary of Rainfall, Runoff and Soil Loss on Runoff Demonstration 
West Prairie Coteau Research Farm, Garden City, South Dakota 
Ue::!!!d Down-Sloee Contour 
Rainfall No. of 4-Yr. Seguence 2 Yr. Sequence 2 Yr. Sequence 
Year Inches storms Fallow Com Oats Alfalfa ·Alfalfa Com Oats Corn Oats 
Runoff, Inches ___ ___ __________ 1.97 1.27 .27 .26 2.10 .98 1.03 .20 
1969 17.14 6 Soil loss, lbs/ A ____________ 1506 1149 22 42 1924 558 412 91 
Runoff, Inches _____________ 1.81 1.67 l.60 .24 .05 1.79 1.51 1.51 .50 
1970 14.53 2 Soil loss, lbs/ A _____________ 1968 1388 176 60 00 1153 144 943 54 
Runoff, Inches ----,---------- 1.38 0.83 .04 .11 .18 .71 .09 .66 .02 
1971 21.93 3 Soil loss, lbs/ A __________ ____ 1786 616 116 20 145 222 24 348 10 
Runoff, Inches ---------------- 0.92 .36 .19 00 00 00 .08 00 00 
1972 20.07 2 Soil loss, lbs/ A ______________ 1038 479 230 00 00 00 160 00 00 
Runoff, Inches _______________ 0.22 00 00 00 00 00 00 00 00 
1973 9.64 2 Soil loss, lbs/ A ______________ 534 00 00 00 00 00 00 00 00 
5-Yr. Runc;,ff, Inches ____ .:_ _________ 4.33 4.83 3.10 .62 .49 4.60 2.66 3.25 .72 
Total 83.16 15 Soil loss, lbs/ A ______________ 5326 3989 16 71 102 189 3299 886 1603 155 
5-Yr. Runoff, Inches ______________ 1.08 .97 .62 .12 .10 .92 .53 .65 .14 
Ave. 16.66 3 Soil loss, lbs/ A __ ________ __ 1332 798 334 20 38 660 177 321 31 
Table 3. Crop Yield and Water Use Efficiency of Runoff Demonstration 
West Prairie Coteau Research Farm, Garden City, South Da.kota 
1269 12ZQ 1221 1972 1973 5-Yr. Average 
Bu/ A Water Bu/ A Water Bu/ A Water Bu/ A Water Bu/ A Water Bu/A Water 
Cropping or Use1 or Use or Use or Use or Use or Use 
Rotation Crop T / A Efficiency T/ A Efficiency T/A Efficiency T / A Efficiency T/ A Efficiency T/A Efficiency 
Up-and-Down Slope Farming 
4-Yr Corn __________ 70 4.7 87 7.0 49 3.7 93 6.2 26 2.7 65 4.9 
Sequence Oats 92 7.6 67 4.6 99 6.3 2 35 4.0 73 5.6 --------
C-0-Alf- Alfalfa 1.7 .07 1.9 .07 3.8 .12 3 1.6 .14 2.3 .10 ----
Alf. (1st yr) 
Alfalfa ______ 3.4 .13 4.9 .36 4.7 .20 5.3 .18 4.0 .24 4.5 .21 
(2nd yr) 
2-Yr. Corn 70 4.9 76 6.9 57 3.0 96 5.2 38 4.0 67 4.8 
Sequence Oats __________ 80 7.3 72 5.0 79 5.2 70 5.6 38 3.8 68 5.3 
C-0 
2-Yr. Across Slope Farming (Contour) • Sequence Corn __________ 81 5.1 98 9.0 72 4.2 110 8.1 44 4.0 81 6.1 C-0 Oats __________ 117 9.4 88 5.5 86 5.0 68 5.8 53 4.7 82 6.1 1Water Use Effi ciency=Bu or T ons per inch of water used. 'Clipped to insure stand of new alfa lfa seedi ng. 
3First year alfalfa not harvested, thin stand. 
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When fertilizer 
supply runs short 
Depend on Soil Testing 
Paul L. Carson• 
When fertilizer supplies are short, 
soil fertility management revolves 
around 1) making optimum use of 
the native fertility and 2) supple-
menting with commercial fertilizer 
where it is needed the most. To 
properly evaluate fertilizer needs 
you must know two things: 
1. How much fertility is needed 
to produce the desired yield. 
2. Ho,w much fertility the soil con-
ta ins. . . 
The effect of the c;!esired yield on: .· · 
the amount of fertility needed is · 
shown in Table 1. These values are 
approximations and are only for 
what is contained in the stalk and 
the grain. The plants are unable to · 
remove 100% of the available plant 
food elements present from the soil. 
The efficiency of plant food element 
uptake from the soil by plants is 
ta ken into consideration when fer-
tilizer recommendations are made. 
The evaluation of fertility is best 
made by soil tests. A soil testing pro-
gram can be divided into four parts: 
1) sampling, 2) testing, 3) calibra-
tion o,f tests, and 4) fertilizer recom-
mendations. Soil sampling is the 
most important part of the entire 
program. All succeeding steps are 
based on the soil sample sent. 
Soil tests accurately measure the 
plant food elements present · in a 
particular soil sample but can only 
be of value when the sample repre-
sents the soil in a particular sam-
pling.-unit, whether it be 20 o,r 200 
acres. Soils are quite variable, and 
it is necessary to take many small 
samples from the sampling unit. 
Twenty-five small samples have 
been fo,und to provide a good aver-
age of the sampling unit, providing 
they are taken from all over the 
field. 
Calibration of the tests is the re-
lating of these tests with known 
field responses to add it ion of the 
plant food element in question. 
These calibrations provide the only 
sound basis for making fertilizer 
recommendations. South Dakota 
State University has more of this 
data available for South Dakota 
soils than any other soil testing lab-
oratory servicing the state, and the 
Experiment Station continues to 
conduct experiments to more fully 
evaluate any chan_ges that may 
occur. 
Nitrogen is the most expensive of 
the three majo,r fertilizer elements 
and also the one most likely to be 
needed . Two methods of evaluation 
are available: 1) organic matter 
content, and 2) nitrate-nitrogen. 
The organic matter test measures 
the soil's potentia I ability to supply 
available nitrogen. It does a fair fob 
but does not take into, consideration 
any available nitrogen presen·t in 
the soil. The nitrate-nitrogen test 
mea'Sures the available nitrogen in 
the soil. This test is relatively new, 
and provides a much better basis 
for making nitrogen recommenda-
tions. The relationship between the 
nitrate-nitrogen content of the soil 
and the expected yield increase 
from added nitrogen on wheat is 
sho,wn in Figure 1. The data used to 
make this graph came from many 
experiments from all areas of South 
Dakota. The response will be a little 
greater in years of above average 
moisture and not quite so high in 
years that are drier than average. 
The amount of nitrate-nitrogen 
found in a particular soil will vary 
depending on the past manage-
ment. To illustrate the effect of past 
management, four areas o,f the 
Agronomy Farm nea.r Brookings 
were sampled in the fall of 1973. 
The crop management on these 
areas in 1973 was: 1) fallow (black), 
2) sudangrass, 3) corn, and 4) small 
grain . 
The soil samples were t.aken to a 
depth of 2 feet after the crop had 
Table 1. The amount of plant food elements needed to 
produce different yields of corn.* 
Yield of 
Corn 
Bu 
Nitrogen 
{N) 
lbs 
Phosphorus 
(P20 5) 
lbs 
Potassium 
(K20) 
lbs 
Table 2. The effect of past field management on the nitrate-
nitrogen content of the top 2 feet of soi l. Brookings, S. D. 1973 . 
1 -------------- 1.4 
10 -------------- 14.0 
50 -------------- 70.0 
100 -------------- 140.0 
.5 
.5.0 
25.0 
50.0 
1.3 
13.0 
65.0 
130.0 
• A table giving the plant food element requirements for most of the 
fidd crops grown in South Dakota can be obtained from the Plant 
Science Department upon request. 
•professor, Plant Science Department 
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Sample D epth 
In Inches 
_ _ _ _ ___,F'-"i=el=d-=M=an~e.=m=e7 n=t-=1"'-9"-"73"--- --=-~-
Sudan Grain Com Fallow 
0- 6 ------------ 2.3 
6-12 ------------ 2.0 
12-18 ------------ 2.3 
18-24 ------------ 2.3 
Tota I ____________ 8. 9 
NOs-Nlbs/ A 
9.4 51.3 
10.1 16.7 
3.1 6.8 
1.6 5.9 
24.2 80.7 
111.8 
40.0 
12.6 
6.8 
171.2 
4 
• 
essentially quit taking nitrogen 
from the soil. The nitrate-nitrogen 
contents· found in these so,il profiles 
are shown in Table 2. 
The total amount of nitrate-nitro-
gen in these soil profiles varied from 
8. 9 to 170. 7 I bs per acre. These 
amounts of nitrate-nitrogen greatly 
influence the amount of fertilizer ni-
trogen needed to produce l 00 bush-
els of corn per acre. Such a yield 
would require at least 140 lbs (100 
· x 1.4 lbs/ bu) per acre. The land that 
had been in sudangrass in 1973 had 
enough nitrate left for about six 
bushels of corn per acre, while the 
fallowed land had more than 
enough nitrogen for the l 00-bushel 
corn crop. 
It should be kept in m ind that soi l 
will release nitrogen through the 
decomposition of old plant residues 
during the 1974 growing season . 
This available nitrogen is best esti-
mated through the organic matter 
test and should be taken into ac-
count in determining the nitrogen 
needs of the crop. Knowing how 
much nitrate-nitrogen is present in 
your sol! and its nitrogen supplying 
ability can be very important to, you 
in making your field management 
plans when fertilizer is scarce. 
The soils are sampled to a depth 
of 2 feet for the nitrate-nitrogen test 
bec,ause nitrates are soluble (will 
dissolve) in water. As the water 
moves down in the soil so will the 
nitrates. Under South Dakota crop-
ping systems and rainfall conditions 
nitrates seldom move mo,re than 2 
feet. However; t.he concentration 
may be anywhere in this area. The 
sample must represent soil through-
out the entire 2 feet if it is to provide 
valid answers . See your county Ex-
tension agricultural agent for more 
detailed directions for taking soil 
samples. 
Nitrogen added thro,ugh the ap-
plication of manure, plowing un-
der of legumes, or through the proc-
ess of fallowing can be of great im-
portance during periods of scarcity 
and should be taken into considera-
tion when determining the n itrogen 
need for a particular field. 
Nitro,gen in excess of what is 
needed serves only to increase the 
cost of production which in turn re-
duces the grower's profit. It may 
also keep your neighbor from real -
izing a good income from his crop . 
Soil tests work somewhat d iffer -
ently but equally well for phosphor-
us, potassium and zinc. Aga in,· the 
application of fertilizer elements 
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Figure 1. Influence of Profile N03N and Moisture on Yield Response from Added N 
that are not needed serves no useful 
purpose. 
The question still remains: What 
can you do when the supply of fer-
tilizer is short-because it still takes 
N, P20 5 and K20 to produce yields. 
Use only the plant food elements 
Figure 2. D etermining nitrate-nitrogen. 
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needed to produce the desired yield. 
That will make more efficient use of 
the available fertilizer, cut yo,ur cost 
of production, and stretch the fer-
tilizer over more acres. Soil testing is 
your best tool to reach this kind of 
fertility management program. 
When fertilizer supply 
runs ·short 
Soybean crop will meet 
its own nitrogen needs 
By Paul Carson and Fred Shubeck• 
20 
The high cash value of soybeans 
has created great interest in ways to 
increase both yield and acreage. 
Acreage has been expanded to in-
clude land that has not grown soy-
beans previously, and attempts 
have been made to increase yields 
through use of fertilizer and other. 
cu ltu ra I practices. 
Past experience shows so,ybean 
yield increases from the addition of 
fertilizer to be quite variable and in 
genera I not too successfu I. However, 
where soil phosphorus ond potas-
sium supplies are poor, percentage 
yield increase from addition of 
these elements has been almost as 
goo,d with soybeans as with corn. 
High yields of soybeans (Fig. l) 
require large amounts of plant 
food elements. A means of estimat-
ing -the plant food element require-
ments for a crop of soybeans is 
given in Table l. 
A 33-bushel crop of soybeans ex-
tracts about the same quantity of 
plant food elements from the soil as 
an 80-bushel corn crop. This is at 
least one of the reason.s the crops 
have different yield potentials. 
The soybean crop requires ade-
quate nitrogen if high yields are to 
be expected but the soybean is a le-
gume which can supply most of its 
nitrogen needs through symbiotic 
fixation of atmospheric nitrogen. 
Symbiotic nitrogen fixation is a rel,a-
tionship between the soybean plant 
and nitrogen fixing bacteria found 
in nodules on the roots. The soybean 
plant supplies energy, and atmos-
pheric nitrogen is fixed by the bac-
teria which are able to satisfy most 
of the nitrogen needs of the plant. 
Thus the need for the purchase of 
nitrogen fertilizer is reduced or elim-
inated. This is fortunate since nitro-
gen is the plant food element most 
likely to limit the yield of crops in 
South Dakota. It is also the one mo,st 
likely to be in short supply and is the 
most expensive of the three major 
fertilizer elements. 
Nevertheless, one and possibly 
two periods exist during the growth 
of the plant when nitrogen supplies 
are not adequate. The first is a short 
period after planting before symbi-
o,tic relationship is fully established . 
lhe other is when the p0ds begin to 
form. Some experimental work 
shows that the symbiotic relation-
ship is terminated at that time but 
this evidence is not conclusive. 
•Plant Science Department 
Figure 1. A good crop of soybeans. 
• 
• 
• 
• 
Table 1. Nutrient Needs of Crops Vary 
Lbs per bushel needed 
Soybeans _____________________ _ 3.7 1.2 2.4 
Corn ------------------------------ 1.5 .5 1.3 
Equitable Requirements 
Soybeans (33 bu) ______ 122 40 79 
Corn (80 bu) ______________ 120 40 104 
Table 2. Soybean Fertilization 
South East Experimental Farm 
Added Nitrogen 
lbs / A 
1970 
o+ Jo+JO* 
0 ---------------------------- 21 
30 ---------------------------- 21 
120 ------ ----------------- _ 21 
•Phosphorus and potas ium oil te ts both high. 
1971 
o+ Jo+ o* 
21 
21 
21 
Table 3. Soybean Fertilization-Starter Fertilizer 
South East Experimental Farm 1965-1973 
Yield bu /A. 
Year No Fertilizer Fertilized* 
1965 ------ -- ---------------- 17 23 
1966 --- ------- ---- --- - --- --- 18 21 
1967 ---- -------- ------------
1968· ------------ ------ --- --- 33 35 
1969 ---------- -------------- 31 34 
1970 ------------------------ 27 29 
1971 -- -- ------ ----- -- ------ - 22 25 
1972 ---------- ------- ------ 38 42 
1973 ---------------------- - 21 27 
Average -- ------------ 25.9 29.5 
• Fertilizer applied 6+2,+ 12 . · 
Soil tests fo r ava ilable pho phorus were medium to high and for avail-
able potassium were high . 
Figure 2. Nodules on the soybean plant. 
The addition of a small amount of 
nitrogen (up to l O lbs/ acre) in a 
starter fertilizer will toke care of the 
nitrogen needs during the first 2-3 
weeks of growth . The addition of ni-
trogen during the period of pod for-
mation has not resulted in satisfac-
tory yield increases in most in-
stances. Obviously, the mechanics of 
nitrogen addition that late in crop 
growth also presents difficulties. 
Large additions of nitrogen have 
not shown any advantage over de-
pendence on nitrogen fixing bacter-
ia. Experimental results from the 
South East Experimental Fa rm 
(Table 2) illustrate the lack of yield 
increase from the addition of large 
amo,unts of added nitrogen . Exper i-
mental work from other states in 
the region show s imilar results. 
Growers should take full advant-
age of the nitrogen fixing relation -
ship the soybean has with symbiotic 
bacteria. But bacteria may not be 
present in sufficient numbers. Land 
that has not previously grown soy-
beans or has not had soybeans 
grown on it recently (within the last 
3 years) probably will not have ade-
quate bacteria to supply the n itro-
gen needs of the crop. 
To make sure that ·enough bacter-
ia are present the seed should be 
inoculated just before planting. 
"Just before" means that each batch 
of seed should have the inoculum 
applied when placed in the planter 
boxes. If the seed dries excessively 
before planting, the bacteria might 
die . 
lno<:ulation of the seed for land 
that has never grown soybeans is 
an absolute necessity for good 
yield. If the land hasn ' t grown soy-
beans recently, inoculation is good 
21 
insurance of an adequate supply of 
available nitrogen. Remember that 
alfalfa or sweetclover bacteria will 
not fix nitrogen in soybean roots. 
Land that has been planted to 
soybeans every 2 or 3 years should 
have an abundant supply of the 
bacteria present if previously inocu-
lated. However, some experimenta I 
work in other states has shown up 
to a l 0% yield increase from the in-
oculation of the seed with a fresh 
supply of bacteria. Results from re-
search of this nature are not con-
sistent from state to state or field 
to field. 
A way to determine if your crop 
has adequate nitrogen fixing bac-
teria is to pull o,r dig some plants 
during the summer. If nodules are 
present on the roots (Fig. 2), you 
know the bacteria were present. 
This does not tell you anything 
about their effectiveness. Recent re-
Figure 3. The effect of a starter fertihzer on the growth of soybeans. 
search in Delaware shows that var-
ious strains of the bacteria exhibit 
differences in their ability to supply 
nitrogen to the soybean plant. Com-
mercial inoculums contain many dif-
ferent strains of bacteria. 
One advantage of growing soy-
beans in the rotation is that some 
of the nitrogen fixed by the soybean 
crop is left for the next crop. A 20-30 
bushel soybean crop should supply 
at least 20 pounds of extra nitrogen 
fo,r the next crop. A larger crop will 
supply more nitrogen and a smaller 
one less. 
·Phosphorus and potassium needs 
must be supplied through the ap-
pl ication of commercial fert ilizer. 
The need for added phosphorus and 
potassium can best be determined 
through the use of soil tests . Direc-
tio,ns for taking soil samples for test-
ing are available at the county Ex-
tension office or at your fertilizer 
dealer. 
The need for nitrogen, phospho~-
us and potassium can be best sup-
plied through the use of a starter 
fertilizer (applied beside and be-
low the seed) for most of the soils 
that are used to grow so,ybeans in 
South Dakota (Fig. 3). These are 
soils that have a medium or higher 
soil test for available phosphorus 
and potassium. The results of ex-
periments using a starter fertilizer 
for 8 years at the South East Ex-
perimental Farm are shown in 
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Table 3. A yield increase of 3.6 bu / A 
is well worth the extra time and ex-
pense of using a starter fert ilizer. 
This fertilizer supplied the nitro,-
gen needed for the first 2 o r 3 w eeks 
of growth before symbiotic n itrogen 
fixation became effective and may 
have supplied some phosphorus . . 
The value of the added potassi um 
in this situation is question,able. 
Soils having test va_lues that fa ll 
in the low or very low categories 
fo,r either phosphorus or potassiu m 
should have larger amounts of 
these elements added than can be 
supplied by a starter fertili zer . 
Larger amounts of fertilizer are best 
applied by broadcasting on the sur-
face before or du ring seed bed 
preparation . 
The only mino r element like ly to 
reduce growth and affect yie ld in 
South Dakota is iron, especially in 
areas of poor drainage. When irnn 
becomes deficient the plants be-
come yellow. The best way to avoid 
this problem is to not grow soybeans 
on poorly drained or somewhat 
poorly drained soils. If th.e problem 
does develop· it can be corrected o r 
at least partially corrected throug h 
foliar application of iron. One of 
the more common compounds is fer-
rous sulfate. Mix a 112 percent solu - Iii 
. tio,n and spray the crop. More than • 
one spraying may be necessary. If 
the sprayer has been used to apply 
herbicides (especially 2,4-D) it 
should be thoroughly cleaned with 
household ammonia before apply-
ing the iron. 
Adequate fertility for high yield -
ing soybeans can he supplied 
through: 
l . Nitrogen: (bacteria already pre-
sent in the soil or inoculated onto 
the seed at planting time will sup-
ply most if no,t a II the nitroge n 
needed). 
2. Phosphorus (soil tests provide th e 
best estimate of needs) . 
3. Potassium (soil tests provide the 
best estimate of needs) . 
4. Starter fertilizers 'low in nitroge n 
appea r to supply the fert ility 
needs for the growth of soybeans 
under most South Dakota co,nd i-
tions. 
• 
• 
• 
When fertilizer supply 
runs short 
Match Spring Wheat Variety 
to Available Nitrogen 
R. C. W ard P. L. Carson, R. W. Pylman, Jr. , 
and R. G. Hoeft.• 
Grateful thanks is extended to the 
follo;ing farmers who cooperated in the 
fertility tests: Winsel Kavorik, Here-
ford; Barry Stanley, Timber Lake; Don 
Giese, Selby; Erwin Krule, Eureka; 
Lowell Styles, Brentford· and the Per-
kins County Crop Improvement Asso-
ciation, Bison. 
Spring wheat is very responsive 
to added fertilizer on most soils in 
So,uth Dakota. But what .do you do if 
commercial fertilizer is short? 
Maybe you switch varieties; this 
report shows which varieties give 
_higher yields at lower nitrogen a~-
plications. But other factors are vi-
tally important: You must kno":" 
your soil 's fertility (through sod 
testing), watch for climatic factors-
especially temperature and rainfall, 
and then "push a pencil," consider-
ing what yield yo,u're willing to pay 
for. 
Whether you choose a tall or a 
semi-dwarf will depend as much on 
Research Manager, James Valley Agricultural 
Research and Extension Center; Professor and 
As ociate Professor, Plant Science Department: 
and Extension soil s speciali t, U . of Ill. , for-
merly Extension soil specia li t , -yvcst River . 
Agricultural Research and Ex tension Center. 
the fertility already in your soil as 
on the amount of fertilizer you in-
tend to add. Semi-dwarfs are stiff 
st rawed and thus can be raised on 
very fertile soils where tall varieties 
would tend to lodge. Yield re-
sponses· of both tall and semi-dwarf 
varieties under different fertility 
levels have no,t been compared or 
documented adequately in South 
Dakota until this study at six loca-
tions in 1973. 
The areas are shown in Figure l 
and are referred to by the town 
neare st the experiment. The varie-
ties grown are described in Table l. 
The plots were seeded between 
April 17 and 26. Harvest was com-
pleted by straight combining when 
the latest maturing variety was 
ripe . 
All phosphorus and potassium 
fertilizer was placed in the seed 
row. A small amount of nitrogen 
was placed in the seed row, and ~he 
rest was bro,adcast after seedling 
emergence . 
Soil Moisture Utilization 
The 1973 growing season was 
characterized by low rainfall. The 
excellent supply of soi I moisture at 
initiation of the experiments pro-
23 
vided moisture necessary to pro-
duce good yields. 
Since a well fertilized crop grows 
more vigorously it should be able to 
extract more water from the soil. 
Soil moisture utilized by W.S. 1809 
in the check (no fertilizer) and high 
fertilizer plots for the six locations 
are shown in Table 2. Well fertilized 
wheat at the three locations east of 
the Missouri River used 0.6 to 1.2 
inches more soil water than their 
comparative check plo,ts. Yield in-
creases were 3. 7 to 7.5 bushels 
greater for this small increase in 
water use. The well fertilized W.S. 
1809 at the three locations west of 
the Missouri River yielded 5.0 to 
13.2 bushels more· per acre but did 
not use more soil water. These re-
sults show that fertilized wheat is 
capable of yielding more than non-
fertilized without requiring more 
water and has the ability to extract 
more water from the soil, probably 
because of increased root growth. 
Yield Re ponse to Applied 
Fertilizer 
There were 23 different fertilizer 
treatments for each of the five vari-
eties of wheat. The yield values for 
applied nitrogen are shown in Ta-
ble 3. They are averages of the five 
wheat varieties and several rates of 
phosphorus and potassium. The 
low values for the Eureka loc~tion 
were due to a severe hailstorm in 
early July. . 
There was a yield response to ni-
trogen at a 11 locations. The net re-
turn from 40 pounds of applied 
nitrogen (assuming $.15/ lb N and 
$4.00/ bu wheat) ranged from $2.00 
per acre at Bison to $18.00 at Timber 
Lake, Selby and Brentford (exclud-
ing Eureka). 
The differences in response to 
added nitrogen from one location to, 
another can be explained by differ-
ences in soil nitrates (Table 4). When 
the yield was calculated as a per-
cent of check yield I (check yield , N 
yield) X 100 ·1 the soil nitrates e~-
plained 62% of the response to ni-
trogen. Note that Bison had a high 
amount of nitrates and the yield 
response to added nitro,gen was 
small. The large responses to added 
nitrogen at Timber Lake and Selby 
corresponded to low nitrate values 
in the root zone. These nitrate data 
and nitrogen yield responses em-
phasize the im portance of the ni-
trate soil test in predicting nitrogen 
fertilizer needs for wheat. 
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Table 3 . shows that wheat did no,t 
respo,rid to the higher rates of nitro-
gen. Wheat yields were limited by 
the growing conditions, and the va-
rieties were not able ·to utilize all the 
nitrogen applied. Wheat grows 
well when high rates of nitrogen 
fertilizer are added; but when rain-
fall is above normal, lodging of the 
tall wheats may occur, thus reduc-
ing yields. 
Yield response to phosphorus fer-
tilizer was very small although a 
large response was expected at two 
locations because of low phosphate 
soil tests. A possible explanation 
may be the dry growing conditions. 
The test plot drill 'placed the seed 
and fertilizer less than l inch deep, 
leaving the phosphorus fertilizer in 
dry soil and unavailable to the 
wheat. Phosphorus fertilizer does 
not move into the soil like nitrogen 
fertilizer. Other experiment,s have 
shown good yield response to add-
ed pho~phorus when the seed and 
fertilizer were placed at a depth of 2 
inches. 
Yield increases from row placed 
potassium fertilizer were negligible. 
The soil tests were in the high and 
very high ranges. 
V ariety Responses to F ertilizer 
Five rates of nitrogen, pho,sphor-
us, and potassium were involved in 
evaluating variety responses to fer -
tilizer . It would have been possible 
to have 125 treatments per variety 
with five rates, but the use of a com-
puter reduced this to 23 treatments. 
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Data from the Selby location were 
used to illustrate some of the re-
sponse differences among varieties . 
The effects o,f rates of nitrogen fer-
tilizer on yield of the five varieties 
are shown in Fig. 2. Waldron was 
the highest yielding variety at every 
rate of nitrogen including zero ni-
trogen. The middle rate of phos-
phate and potash was used to elim-
inate these nutrients as limiting fac-
tors, although responses to these 
nutrients were small. Bounty 208 
and W.S. 1809 responded in a pat-
tern similqr to Waldron. Chris and 
Sheridan · responded in the same 
pattern but at a lower magnitude 
which was characterized by less re-
sponse at all rates of nitrogen . Note 
that Waldron and Chris yields were 
higher than the two semi-dwarf va-
rieties when no nitrogen was ap-
plied . 
The nitrogen fertilizer cost line in 
the lower part of Fig . 2 can be used 
to estimate the return from nitrogen 
fertilizer . If the yield line increases 
less rapidly than the cost line, there 
is no return from that increment of 
fertilizer. Chris ·gave a return to n i-
trogen added · at the rate of 40 
pounds per acre while the other va-
rieties gave a return up to, the 80 ' 
pound rate of nitrogen. 
Fig. 2. shows that varieties re-
spond differently to nitrogen. If 
there is little nitrogen fertilizer 
available for applicat ion then Chris 
or Waldron will be the best varieties 
to plant. If the fertility is high and 
nitrogen is plent-iful (from the so,il, 
past management, br fertilization) 
then the semi-dwarfs or Waldron 
may be good seeding choices . 
Yield response for each variety to 
phosphorus applications are illus-
trated in Fig . 3. There was essentia 1-
ly no yield response to added phos-
phate but there were different pat-
terns of response for the varieties. 
The semi-dwarf varieties showed 
small positive responses 'while the 
tall wheat yields decreased with 
high rates of phosphate. There is no 
known explanation for this yield de-
crease, nor is there an explanation 
for the response pattern of Chri s. 
There was no response to potas -
sium except fo,r the variety Sheridan 
as shown in Fig . 4. Sheridan was ob-
served to be weak strawed at the 
Selby location. Apparently the add-
ed potassium increased straw 
strength enough to increase yields . 
The five varieties of spring wheat 
were evaulated for 12 fertilizer 
characteristics represented in Table 
5. Their performance should give 
you an idea of which variety to 
plant when considering the level of 
soil fertility and availability of fer-
tilizer. 
The check yield is the yield with-
out any fertilizer. The semi-dwarf 
varieties produced the highest 
check yield at 4 of 6 locations. The 
lowest check yields were represent-
ed by tall wheats 5 out of 6 times. 
The zero N yield is the yield of 
wheat when no nitrogen was ap-
plied but phosphorus and potassium 
were adequate (either by soil tests 
or added fertilizer). The highest 
yields were represented equally by 
the semi-dwarf varieties or Wald-
ron, while the tall wheat varieties 
were always the lowest yielding 
without nitrogen. 
The highest yields with added ni-
tro,gen and adequate phosphorus 
and potassium (N yield) were usual-
ly obtained with Bounty 208, while 
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the lowest yields with added nitro-
gen were usually represented by the 
tall varieties, Chris or Sheridan. 
Yield response to added nitrogen 
was greatest with the semi-dwarf 
varieties 5 out of 6 times. The small-
est responses were represented by 
the tall wheat varieties. 
locations, but they also showed the 
smallest response at 4 of 5 locations . 
This inconsistency in potassium re-
sponse may mean that yield vari-
ability was too large to really meas-
ure a definite response. 
Phosphorus applications did not 
increase yields as much as expect-
ed, which was probably due to, shal -
low placement of the fertilizer. 
The soil moisture utilization study 
showed that wheat responds to fer-
tilizer without requiring much addi-
tional water. 
Summary 
The semi-dwarf wheats usually 
showed the greatest · response to 
added phosphorus although the 
yield responses were quite small. 
The ta II varieties showed a small re-
sponse to added potassium at 3 of 5 
Most of the yield increases to add-
ed fertilizer were due to nitrogen. 
There were economical yield in-
creases to nitrogen fertilization at 
5 of the 6 locations. The' ,amount of 
soil nitrates in the top 2 feet of soil 
controlled yield responses. 
Varieties of wheat responded dif-
ferently to fertilizer additions. In 
general, the semi-dwarf varieties 
responded more to added fertilizer 
than did the tall varieties. 
Table 1. Description of wheat varieties grown in the 
fertilizer experiments. 
Length Day Length 
Variety Awns of Straw Sensitivityt Maturity* 
Chris no Tall Sensitive 3 
Sheridan yes Tall Sensitive 4 
Bounty 208 yes Short Not sensitive 2 
Waldron no Tall but stiff Intermediate 2 
w.s. 1809 no Short Not sensitive 1 
*No. 1 is earliest. In a yea r of high ra infa ll ( long season) there are 7-9 
days between N o. 1 and No. 4. In a h ot and dry year there are 3-4 days 
between No. 1 and No. 4. 
,-In cl oudy weather the insensitive va rieties will keep growing. 
Table 3. Yields obtained from five rates of nitrogen when 
averaged over five varieties and several phosphorus and 
potassium treatments. 
Yield, ·Bu/ A 
NRate Timber 
lbs N / A Bison Hereford Lake Selby Eureka Brentford 
0 -------- 37 19 22 15 5 21 
40 -------- 39 22 28 21 6 27 
80 -------- 39 22 30 22 8 26 
120 -------- 39 22 30 23 8 28 
160 -------- 38 21 32 22 7' 27 
T able 2. The ability of W .S. 1809 to utilize stored soil 
moisture from fertilized and control plots. · 
Inches of Soil 
Water Used Yield,Bu/A 
Location Check Fertilized* Check Fertilized* 
Bisont ________________ 5.2 
Hereford ____________ 3.3 
Timber Lake ________ l.9 
Selby __ ________________ 6. 7 
Eureka t ______________ 2. 7 
Brentford ____________ 5.8 
4.8 
3.7 
2.0 
7.7 
3.3 
7.0 
36.5 
22.7 
18.4 
15.6 
5.7 
22.3 
• Fertilized= 160 lbs . N + 69 lbs P20..+24 lbs K20. · 
48.2 
27.7 
31.6 
23.1 
9.4 
27.5 
t Represents water used fro m 3-foot root zone instead of 4-foot depth. 
T able 4. Soil nitrate levels in the upper 
two fee t of soil at the six locations. 
Location 
Soil Nitrates 
lbs N / A 
Bison ---------------------------------- 85 
Hereford __________________________ 30 
Timber Lake ____________________ 15 
Selby ---------------------------------- 24 
Eureka ______________________________ 26 
Brentford _________ ___________ ____ __ 55 
T able 5. Performance of wheat variety characteristics at six locations. 
Bison Hereford Timber Lake Selby Eureka Brcntord 
Highest check yield Waldron w.s. 1809 Bounty 208 Waldron Bounty 208 w.s. 1809 
Lowest check yield Chris Sheridan w.s. 1809 Sheridan Waldron Chris 
Highest zero N yield w.s. 1809 w.s. 1809 Waldron Waldron Bo,unty 208 Waldron 
Lowest zero N yield Sheridan Sheridan Sheridan Sheridan Waldron Chris 
Highest N yield Bounty 208 Bounty 208 Bounty 208 Waldron Bounty 208 Sheridan 
Lowest N yield Sheridan Chris Chris Sheridan Waldron w.s. 1809 
Largest N response Bounty 208 Bounty 208 Sheridan & w.s. 1809 Chris Bounty 208 
Bounty 208 
Smallest N response Waldron & Chris Chris Chris Bounty 208 Waldron 
Sheridan 
Largest P response Bounty 208 Bounty 208 none w.s. 1809 Chris Bounty 208 
Smallest P respo·nse Chris Chris none Chris w.s. 1809 w.s. 1809 
Largest K response Bounty 208 Waldron none Sheridan Sheridan w.s. 1809 
Sma I lest K response Sheridan Chris none Waldron Bounty 208 Sheridan 
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Assemble it yourself 
Farmer's Helper' 
By Quentin Kingsley 0 · 
Fig. 2. Metal scrap parts needed (left) and the hold-
er-protector assembled( right) .. 
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Fig. l. Holder-protector is ·adjusted at an angle on 
tank support so that hose hangs straight to prevent 
kinks. 
Keep dust, insects, and grain hulls from plugging 
your engine lines, filters , and carburetors with this 
make-it-yourself nozzle holder-protector for your fuel 
storage tank. 
It's made from readily available metal scraps you 
have around the farm. The holder-protector is a short 
length of capped metal pipe that is large enough to 
house the nozzle spout. Attached to your fuel tank 
frame at the correct angle, it allows the gas hose to 
hang straight down, preventing kinks which sometimes 
damage the hose. 
Materials 
A-1 piece of pipe 7~~ inches long, large enough to fit 
over the nozzle. 
B-rn-inch square nut. 
C-1 piece of}~- or 5/ 16-inch rod, about 12 inches long 
for nozzle holder. 
D-1 piece of flat strap iron for plug on pipe. If pipe 
has threads use a pipe cap. 
0 Assistant Professor, Plant Science Department 
E-1 piece of flat strap 4 to 6 inches long to weld on 
pipe for fastening to leg of tank. Make 5/ 16-inch 
bolt hole in each end. 
from the cent r of nut to a place about 1 to rn inches 
beyond the hanger part of nozzle body. Insert hang-
er part through hole in nut and w Id two ends to-
gether. ( The hanger hangs free from nut.) 
Precautions 
Pipe must be absolutely clean inside. 
5. If you are not certain of the angle of the 4- to 6-inch 
piece of flat strap ( "E") that is to be welded to the 
pipe, first fast n the flat strap to the leg or support of 
fuel tank. Then put nozzle into holder and hold it 
against the strap iron at the angle which permits the 
hose to hang straight down from the nozzle. Mark 
this angle. Be certain when welding the strap to the 
pipe that the plane of the nut on top and th plane of 
the piece of strap iron are parallel. 
Method of Assembly 
l. Clean out all burrs and slag inside pipe ("A"). 
2. Weld plug ("D'') over one end of pipe to keep out 
rain and dust. Grind to make smooth job. Or use cap 
fi tting it pipe 1s threaded. ( Be sure inside of pip is 
clean before closing end.) 
3. Weld nut ("B'') onto the side about F inches up 
from the open end or 1% inches to center of the nut. 
4. Bend the piece of rod ( "C") or long bolt to fit 
through the nut and around the hook on the nozzl 
frame. Don't make the loop too small, otherwise the 
nozzle is difficult to place and remove from the hold-
er. To avoid this problem, push the nozzle into pipe 
until frame hits pipe end, then measure the distance 
NOTE: When the fuel nozzle hanger is installed to 
tank frame the fuel hose should hang straight down. 
Otherwise the fiber and rubber will be stressed and 
start to separate. It may be necessary to r adjust the 
hose so that it doesn't twist the nozzle. 
The basic design should fit most fuel nozzles. If it 
doesn't, improvi e. For instance, you may need a larger 
diameter pipe if the nozzle is curved. 
If iron content is above 10 ppm, minimize· 
plant stunting by using gravity flow . 
iron ,n 
irrigation 
water 
By L. 0. Fine, D. G. Shannon, and 
E. J. Williamson• 
Farmers using sprinkle irrigation 
equipment in arious areas of South 
Dakota observed serious deposition of 
" rust" on plant leaf surfaces in the mid 
l 950's and again in some areas of the 
state in the late 1960's. Equipment sub-
ject to the spray becomes a dark brown 
from an iron oxide coating. Corn height 
depression in the Hitchcock area of 
Spink and Beadle counties and yield re-
duction of cucumbers in Brookings 
County were noted. 
The authors grew corn in soil culture 
jars in the greenhouse in 1971. Irrigation 
•Plant cience Department 
water was made up with several. levels of 
dissolved iron (0, 5, 10 and 20 parts per 
million) and applied to the corn cultures 
by surface (gravity) watering or: by an 
overhead sprinkler device. Some plants 
were watered once some 4 times and 
some kept as controls and watered only 
with distilled water. The treatments 
were first applied in the 42-65 day 
growth period, at the end of which mea-
surements of plant height and leaf width 
were. made. The experiment was then 
renewed, but all iron concentrations 
were doubled. The corn was harvested, 
after m easuring heights again, on the 
91st day. Plants were dried, ground, and 
analyzed for 13 constituent elements. 
The average plant height in the first 
growth stage showed moderate stunting 
to be caused by the highest iron con-
centration (20 ppm), and the effect oc-
curred whether the water was applied 
by sprinkler or surface method. This 
stunting was about 50% greater with 
plants watered 4 times than those wat-
ered once with 20 ppm Fe water. A 
slight growth increase resulted from the 
use of 5 and 10 ppm Fe water compar-
ed to zero. The stunting virtually disap-
peared during the second growth period, 
even though iron in the waters was 
doubled. 
The plant composition, as revealed by 
spectrographic analysis, showed highly 
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elevated iron content as a result of the 
4-time applications, and these iron con-
tents increased with the iron level in the 
water used. Plant iron in the sprinkle 
4-time corn increased from 134 with 
zero Fe to 431 ppm with 40 ppm Fe. IP.. 
the surface-irrigated corn, zero Fe water 
produced plants having 160 ppm iron, 
and 40 ppm Fe water produced corn 
with 354 ppm iron in the stem and leaf 
tissue. These maximum levels of iron 
are about 4 Yi and 3 Yz times, respective-
ly, of normal iron contents of corn. This 
is the only nutr.itional abnormality un-
covered by the analysis. 
It is believed that this high iron con-
tent, through an imbalance in ,metals, 
may have disrupted normal enzyme 
functions involved in internode elonga-
ation in ·the early stages of growth. It 
appears to be serious only when irriga-
tion water contains above 10 ppm of fer-
rous (divalent, soluble) iron, and then 
not under all circumstances. 
Water supplies with iron content in 
the suspect range should be considered 
carefully and perhaps used only for sur-
face irrigation , as farmers in some areas 
have noticed less growth suppression 
when using the water for surface irriga-
tion than for sprinkler application. The 
much greater soil volumes per plant un-
der field conditions prevent the toxicity 
from occurring with gravity irrigation. 
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st,etch you, 
ittigation budget 
Everyone wants the most for his 
money, but no one wants i,t more 
than the farmer who owns or is 
considering investing in a center 
pivot irrigation machine. One way 
to stretch an irrigation budget is to 
use the machine on more 
than one field or pivot. 
The pivot point is located in the 
center of a circular irrigated area 
as shown in Figure 1. The area can 
vary in size from a few to mo,re 
thon 200 acres, depending on the 
length of the irrigation machine. 
Figure 2 shows the irrigated pattern 
which is developed when these 
machines ,are used on adjacent 
fields. 
When used on only one pivot, 
center pivot machines can be idle up 
to 50% of the time, depending on 
rainfall. A,:,d, depending on the 
crop and soil, the field may not need 
irrigation until midsummer while 
another field with a different crop 
needs water sooner. If you have a 
well with a capacity up to 1000 
gallons per minute or an equivalent 
water supply, and a mov,able center 
pivot machine, you can maximize 
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By D. W. DeBoer and S. T. Chu• 
efficiency and reduce equipment 
costs while getting water to the 
crops that need it. Of course, you 
must weigh the benefits against 
the time and labor required to move 
the machine. 
Several movable machines are on 
the market. Figure 3 shows the 
drive wheels on swivel axles and 
Figure 4 shows a machine being 
towed. 
• Associate professor and assistant professor, 
Ag ri cultural Eng ineering D epartment. 
movement 
Circular 
irrigated area 
Pivot point 
Figure 1. Movement of a center pivot irrigation machine. 
A research project was initiated 
in 1972 by researchers in the 
Department of Agricultural 
Engineering at SDSU to investigate 
the applications and limitations 
of managing one center pivot 
machine on more than one pivot. 
Several South D·akota irrigators 
who, move their center pivot 
irrigation systems were visited. 
These irrigators were using severa I 
different crops, several machine 
sizes and irrigating soils that 
ranged from shallow sandy loam 
to deep clay loam . 
A short summary about the 
operation ·and management of 
three South Dakota irrigators who 
are cooperating in the research 
project follows. Dan Cronin lives 
near Gettysburg, and pumps out of 
the Oahe reservoir. He has two l 0-
tower machines (72 acres in each 
circle) that are moved between two 
pivot points . One machine can 
apply 0.9 inches every 40 hours to 
silt loam soils with a crop moisture 
stc,rage capacity of 8 inches in the 
top 4 feet. Some crop damage may 
occur when the soil mo,isture falls 
below 4 inches or one-half of the 
tota I storage capacity. Each 
Figure 2. Aerial view of several irrigated fields. 
(Photo from Valmont Indu'stries) 
machine irrigates one circle of corn 
and one circle of alfalfa. The 
alfolfa is irrigated in the spri~g 
until the latter part of June when 
the corn needs the water. The June 
irrigation of alfalfa o,n the deep 
clay loam soils normally provides 
enough moisture in the soil profile 
for a good second cutting in July 
even if it does not rain in July. The 
corn is irrigated during July and 
August, which is normally sufficient 
for yields near 150 bushels per 
acre. Each machine is then moved 
back to, the alfalfa in the fall or the 
following spring. 
The primary features of Cronin's 
operation are a good water 
supply, two crops, deep soils, 
at least two good cuttings of alfalfa, 
an irrigated corn crop and only 
two machine moves during the 
year. 
Leo, Soulek farms near Armour 
and pumps from ·an irrigation well. 
He uses a six-tower machine (27 
acres in each circle) on three pivots . 
He uses a small machine because 
he has a long narrow field which 
can be irrigated when the three 
pivots are in a row. The field is 
shallow loam with only 2 feet of 
30 
top soil. The total crop water 
storage capacity of the soil is o,nly 
3 inches, indicating the crop will 
start to suffer when the first 1112 
inches of water are used by the 
crop. This is the kind of soil which 
tends to have crop failures during 
dry years. 
To keep the soil from drying to 
the point of affecting the crop, the 
machine shou_ld apply a maximum 
of l Y2 inches o.f water during 
each irrigation, about every 6 days 
during July and August. This / 
means several machine moves 
during the season. His machine has 
the capacity to apply 0.9 inch of 
water every 24 hours to one circle. 
Two circles of corn and one circle 
of sorghum were grown in 1973. 
The machine was started in early 
June and was continuously moved 
among the three pivots during the 
summer until the crops were 
mature, favoring the two corn 
circles during August. 
Soulek was able to use his good 
water supply and one center pivot 
machine on a shallow soil to water 
three circles of row crops with 1973 
yields of 118 bushels of corn per 
acre and l 08 bushels o,f sorghum 
' 
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per acre. He moved his system 16 
times during the year. 
Clarence Archibald lives near 
Lodgepole near Hettinger, North 
Dakota. He irrigates a deep sandy 
loam soil from the North Fork Grand 
River. This soil can store 1a total of 8 
inches of crop moisture on the top 
4 feet of the so,il profile. He uses a 
ten-tower machine (72 acres in each 
circle) to irrigate two circles of corn 
and one of alfalfa . The machine can 
apply 0. 75 inch every 33 hours. 
Alfalfa is irrigated in the spring 
until the corn needs the water and 
then the machine is moved to the 
corn. He expect~ to get two good 
cuttings of alfalfa. The machine is 
moved between the two corn pivots 
from summer until fall. Archibald 
favors one of the corn circles 
to make sure it always has 
enough water. The machine is 
moved back to the alfalfa for 
sprir:,g use. The operat ion of this 
machine is similar in many respects 
to that of Cronin except that a third 
pivot has been added which can 
be used if rainfall and work 
schedule permit. The machine is 
moved a maximum of six times a 
year, which permits only two 
good irrigations on the second corn 
circle . 
A question in the minds of those 
who are considering the use of one 
machine on more than one pivot is: 
How much time does it take to move· 
the machine between pivot points? 
This will vary with the number of 
of towers or wheels to be turned on 
the swivel axis .and with the 
people and equ'ipment available 
for the move. Some irrigators use 
a "handy-man" type of jack to lift 
each tower so the wheels can be 
turned. Others use a loader 
whenever possible. We asked 
several irrigators the time and 
manpower they used in moving the 
machine. Table l summarizes their 
responses. Many irrigators use 
· three men, although two should be 
enough. One irrigator moves by 
himself. lrrigator No. 5 has moved 
his machine in a record time of 
1112 hours. 
It is important to, have a good 
sized power unit available for 
the movement of the equipment . 
An irrigation machine makes 
wheel tracks as it travels around a 
pivot . A small tractor may have to 
jerk on the machine to get it out of 
the wheel tracks and on to the. next 
pivot, but a large tractor can ease 
the machine along with a minimum 
amount o,f stress . 
The cooperating irrigators made 
these recommendations to farmers 
considering the purchase of a center 
pivot machine: Be sure of 
adequate soil infiltration which 
means the soil structure must be 
maintained . Work with a reputable 
dealer who can provide service. 
Keep the machine in top working 
order because a down machine can 
mean dry times for the crop. 
There are many o,ther factors 
involved in the successful operation 
of such a system-adequate water 
supply, irrigable soils (preferably at 
least 3 feet deep), good farming 
practices, and labor to move the 
machine when it should be moved. 
A movable center pivot machine 
may fit your operation. 
Table I. Time and manpower used by South Dakota irrigators 
to move their center pivot irrigation machines. 
Irrigator System Time 
l ------ ---- l O Towers (3 men,. 4 hours) 12 man-hours 
2 - ------ - l O Towers (3 men, 3 hours) 9 man-hours 
3 --------·-- 7 Towers (2 men, 4 hours) 8 man-hours 
4 -- --· --- --- 13 Towers (3 men, 4 hours) 12 man-hours 
5 -- -------- 7 Towers (2 men, 3 hours) 6 man-hours 
6 ------------ 8 Towers (3 men, 3 ho,urs) 9 man-hours 
7 -- --- -- ---- 6 Towers (2 men, 3 hours) 6 man-hours 
8 -- --------- l O Towers (l man, 7 hours) 7 man-hours 
Figure 3. Rotation of a drive wheel for moving purposes. 
(Photo from Valmont Industries) 
Figure 4. Transportation of a 13-tower system. 
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Spraying for 
Alfalfa Weevil 
R. J. Walstrom 0 
0 Experiment Station Entomologist 
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Timing ii 
al I - i mportont 
Spraying for alfalfa weevil requires a neat" 
sense of timing. The organophosphate and 
cal'.bamate insecticides now approved for use 
have short residues, which means you must 
spray when larvae ( the juvenile stage) are 
present in the crop. But a small wasp parasite 
also attacks the weevil larvae, and spraying at 
this time can reduce the effectiveness of 
biological control of the weevil. Two-year tests 
in Lawrence County, located in the area of · 
heaviest weevil population, show _that spraying 
in mid-April killed the highest number of alfalfa 
weevil larvae and ~aved the highest number 
of parasites. 
Alfalfa weevil populations are peaking out _ 
this year and will probably continue to be at 
high numbers for anoth~r two years. After that, 
they will drop down to the low of their cycle 
before building up again in the future. The 
parasite, Bathyplectes curculionis (Thomson), 
rides along with the weevil cycle and is also 
curre!1tly at high numbers. Some years it can 
effect an 85% control of the weevil, but it is not 
consistent. 
Damaging. populations of the weevil, H ypera 
postica ( Gyllenhal), exist in seven counties in 
· the western part of the state, but weevil 
collections have been made in all counties of 
West River. Both the larvae and adults reduce 
the nutritional value of alfalfa by feeding on the 
plant tips, leaves, and buds. They may also 
prevent the profitable production of .seed. 
Larvae do their greatest damage by feeding 
within the plant tips, on the upper leaves as they 
open, and then on the lower foliage, skeletonizing 
the leaves. The first cutting is hit the hardest. 
In _ 1971 preliminary tests, ethyl parathion 
E. C. was applied to a 6-year-old stand of 
Cossack alfalfa at the rate of 8 oz AI in 2 gal 
water/ acre with a Pawnee 235 aircraft. 
Non-replicated plots, 157 ft wide and 10 acres 
in size, were treated on the Elvin Mitchell and 
Sons Ranch, St. Onge. Sweeps to determine 
larval and adult populations were made on 
May 19, June 9, and June 23. Larvae were 
collected from each treatment and the check on 
June 23 and caged until pupation was completed. 
Adult weevils and wasp pupal cases were 
counted to determine the degree of parasitism. 
The first crop was cut for hay June 24 
In 1972 the chemical was lmidan@ 50W, 
N-( mercaptomethyl) phthalimide S-( 0-0-
dimethylphosphorodithioate), applied 
• 
• 
• 
to an alfalfa field which was half 8-year-old 
D akota Common and half 2-year-old Ranger on 
the James Jennings Ranch, Spearfish. The four 
r plicate 1-acre plots for each treatment date 
and the untreated check included two plots in 
each of the two types of alfalfa. The chemical 
was applied at. the rate of l lb AI in 15 gal of 
water/ acre with a Jeep-mounted, field-type 
sprayer on April 15, April 25, May 5, and May 
15. Collection methods were the same as in 
1971. The first crop was cut for hay June 17. 
Average adult and larval populations of the 
alfalfa weevil and the percent of larvae 
parasitized by B. curculionis for the aerially 
applied parathion treatments in 1971 are 
compared with those of the untreated check in 
Table l. The May 19 sweeping data for the_ 
two early treatments ( April 13 and 24 ) 
demonstrate the short residue effects of the 
treatments and the movement of the adult 
weevils into the field during late April and early 
May. These higher adult populations were 
maintained in the early treated plots throughout 
the testing period. Conversely, the higher larval 
populations in the two later treatments ( May 4 
and 15 ) indicate that adult weevils were 
laying eggs prior to treatment. The reduction in 
the numbers of adult weevils in the untreated 
eheck ·on June 23 was apparently due to heavy 
feeding damage to plants, making the forage less 
attractiv:e as feeding and egg laying sites. 
Statistical treatment of the 1971 data could not 
be made since the treatment plots were not 
replicated. 
The average adult and larval populations of 
the alfalfa weevil and the percent of larvae 
parasitized by B. curculionis for the ground-
sprayer-applied Imidan treatment in 1972 are 
compared with those of the untreated check in 
T able 2. The same general response of adult 
and larval populations observed in 1971 was 
evident. The percent parasitism by B. curculionis 
was lower in the 1972 test. The April 15, 1972, 
treatment provided 56.2% control of alfalfa 
weevil larvae at harvest time plus the highest 
percentage of parasitism of larvae ( 18.5%) by 
B. curculio nis. The treatment on April 25 
provided ,'39.1% larval control at harvest with 
the second highest percentage of parasitism 
( 14.3%) . In the later treatments on May 5 and 15, 
control of larvae dropped to 1.8 and 12.5% 
respectively, with reduced rates of parasitism. 
W hen you are ready for spraying, read your 
labels carefully. E thyl parathion is extremely 
toxic and should be applied only by experienced 
commercial applicators who have the necessary 
equipment to handle these insecticides 
safely. Don't let spray drift over streams, ponds , 
lives tock, pasture in use, farmsteads, or other 
populated areas . 
Table 1. Effects of early spring applications of parathion on alfalfa weevil 
· and its wasp parasite, 1971 · 
Plant height Average number of weev il s per I 00 net sweeps 
Treatment* at treatment, May 19 _ ___ - June 9- June 23 
date in inches larvae adults larvae adults larvae adults 
April 13 ____________ l 0 44 302 81 640 30 
April 24 --------- - 2 0 16 847 52 808 28 
May 4 ------------- - 4 0 0 1064 23 1402 20 
May 15 -~ _ ------- 8 0 0 11 48 26 3160 18 
Check __ ------------ -- 0 56 1371 84 4563 21 
•s ounces Al ethyl parathion in 2 gal of wa ter/ acre by aircra ft. 
% of larvae 
parasitized 
by wasp 
as of June 23 
38.13 
37.62 
33.97 
11.34 
26.79 
Table 2. Effects of early spring application of lmidan ® on alfalfa weevil 
and its wasp parasite, 1972. 
---------
Plant height A verage number of weevils per I 00 net sweepst Treat-
ment* 
date 
at treatment May 25 June 6 June 15 
inches larvae adults larvae adults larvae adults 
April 15 l 
April 25 __ 2 
May 5 4 
May 15 _ 8 
Check _____ _ 
188a 
158b 
199a 
26c 
168ab 
379a 
349a 
223b 
87c 
484d 
2695a 
3015a 
41 lOa 
3161a 
3301a 
195a 
199a 
153a 
136a 
145a 
•One ~~und Al I: icl;n @ in 15 ga l of w a ter ac re by groun t~ ~; ranT. 
1970a 
2742a 
4418b 
3939a 
4498b 
163a 
98b 
89b 
93b 
95b 
% of larvae 
parasitized 
by wasp as 
ot June 15 
18.5 
14.3 
10.l 
9.0 
5.5 
t Mea ns foll owed by a com mo n letter a re nc,t ~ignitica.ntl y diffe re nt at 5% level (Duncan 's multiple range 
test). 
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problems 
• • 
Ill moving 
• grain 
by William F. Payne 
and Richard K. Rudel* 
South Dakota farmers and 
ranchers had a record income 
during 1973, but they could 
have had a considerably bet-
ter year with an improved na-
tion-wide grain marketing and 
transportation system. 
Much of the transportation 
problem during 1973 resulted 
from an effort to market an 
unprecedented volume of grain 
to foreign buyers. In some in- , 
stances, three or more years' 
inventory of wheat was be-
ing moved at the time we were 
harvesting our 1973 crop. The 
resulting transportatfon and 
hand I ing bottlenecks kept sev-
eral elevator operators from 
delivering on contracts, which 
resulted in financial penalties. 
In addition, high prices and 
interest rates on inventory 
that could not be moved in-
creased capital requirements 
and restricted elevator and 
farm cash flows. 
Some elevator managers 
stored grain on the ground be-
cause boxcars were not avail-
able. Those unwilling to pile 
grain on the ground and watch 
it 99 out of condition were 
forced to refuse business at a 
time when grain was selling for 
record prices at Minneapolis 
and Sioux City. 
In mid-November 1973, 40 
South Dakota elevator mana-
gers were surveyed to identi-
fy the extent of their transpor-
tation problems. To achieve a 
representative sample, firms 
were selected to represent four 
different storage capacity cat-
egories within nine crop report-
ing districts. The following is 
a list of questions which were 
included in the survey: 
l . How frequently are you 
unable to accept grain be-
cause of shipment prob-
lems from your elevator to 
the terminal. 
2. How many extra boxcars 
and/or trucks could you use 
per week. 
3. What were the 1972 and 
J 973 rates for shipping by 
truck and rail. 
"I couldn't accept any grain." 
Responses to the survey 
questions indicate the difficul-
ties in our grain marketing and 
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transportation systems. On the 
question concerning how fre-
quently they were unable to ac-
cept grain because of transpor-
tation difficulties, 63 p~rcent of 
the elevator managers report- , 
ed problems. The following is 
a sample of .their responses. 
"I could not accept grain for 
two months last summer." 
"From November 1972 until 
March 1973 I could not accept 
grain." "This summer I had to 
close three days a week." "We 
are closed four days out of 
five." "We never turn 
down grain, but we underbid 
in some cases because we .may 
have to pile the grain on the 
*:Assistant professors, Economics Depart-
ment, Agricultural Experiment Station 
• 
• 
• 
. ground." "It has been 2 1/2 
months since I could accept any 
grain." "We haven't bought 
any groin for a month and a half. " 
"We are closed two or three 
hours a day, several days a 
week." 
When asked how many extra 
rail cars they could use, the 
responses ranged from one to 
100 cars per week with the aver-
age being 1 8 cars per week. 
When asked about extra trucks, 
managers clearly expressed a 
preference for rail cars and im-
plied that . additional trucks 
were not desiroble even though 
they may have been needed. 
Truck rates were higher than 
rail rates in 1973. 
Figure 1 indicates that in 1972 
the bushel rate for shipping 
wheat by truck was less than 
the rail rate for distances less 
than ·443 miles. Thus , in 1972, 
elevator managers in roughly 
I 
Rate ( cents/bushel) 
45 
40 
35 
30 
25 
20 
15 
10 
5 
. the eastern half of South Dako-
ta could ship wheat to our ma-
jor primary destination of 
Minneapolis more cheaply by 
truck than by rail. This situa-
tion was reversed in 1973. 
Interstate grain truck rates 
are not regulated by the Inter-
state Commerce Commision, 
and truck rates increased · more 
rapidly during 1973 than rail 
rates. Truck shipment of wheat 
was cheaper than rail shipment 
· for only 96 miles. It would have 
been more economical for eleva-
tor operators to ship every bu-
shel of wheat to Minneapolis 
by rail. Of course that was im-
possible because of boxcar 
shortages . 
Most of the difficulties en-
countered by elevator mana-
gers during 1973 can be traced 
to the record volume of grain 
being marketed. The pressure 
of this extreme movement of 
OL---------------------
0 70 140 210 280 350 420 490 
Distance Hauled (Miles) 
Figure I. Railroad and truck rates for transporting wheat from South Dakota 
country elevators to non-farm destinations: 1972 and 1973* 
*Rate trend lines were obta ined from the following equations: 
Truck 1973 = .115 + .00063D (B2 = .96) 
Truck 1972 = .064 + .00051D _{ R2=.95) 
Rail 1973 = .1 40 + .00037D (~ 2=.97) 
Rait"l972 == .126 + .00037D (R2 == .97) 
where D is distance in miles 
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grain clearly identified specific 
weaknesses in grain marketing 
and transportation systems. 
The same problems will 
occur in 197 4. 
While these extreme circum-
stances may not recur, recent 
changes in government policies 
indicate we may be marketing 
and transporting more grain 
in the next 4 to 5 years than we 
did at any comparable period 
during the 1960 to 1971 era. 
These policy changes include: 
(1) a significant reduction in 
Commodity Credit Corporation 
storage, (2) a national farm 
policy designed to stimulate 
production, and (3) an acceler-
ated effort to export a substan-
tial quantity of our agricultural 
production. Thus, grain mar-
keting and transportation sys-
tems are likely to face contin-
ued problems in handling, stor-
ing, and transporting an in-
creasing supply of grain. 
1973 problems were 
interrelated 
Problems observed during 
1973 were interrelated and ex-
isted in nearly all segments of 
the grain marketing and trans-
portation system. ' 
• Although truck rates were 
higher than rai I rates and ele-
vator managers preferred to 
ship by rail, trucks moved a 
substantially larger volume of 
grain to Minneapolis during 
1973thanduring 1972. Truck ar-
rivals in Minneapolis from Jan-
uary-November 1973 totaled 
266,805 units, compared with 
174,409 for the same period of 
1972. Although all of the arrivals 
did not originate in South Da-
kota, this demonstrates the in-
creasing importance of trucks as 
a mode of shipping grain. 
However, South Dakota has 
springtime weight restrictions 
on many of its state and county 
highways. Under present liigh-
way conditions South Dakota 
trucks cannot be an effective 
year-around alternative to rail 
shipment, even if the rates for 
each mode were equal. 
Upgraded highway systems 
become .even more important 
when we look at the railroad 
abandonment picture in our 
state. South Dakota hos lost 15 
percent of its ro i I rood track to 
abandonment since 1938 (4,127 
miles in 1938 vs. 3,505 miles in 
1972). During the some period, 
Iowa lost 1 3 percent, Nebraska 
11 percent, Minnesota 9 per-
cent, and North Dakota 3 per-
cent. The current desire to con-
serve energy may temporarily 
restrict abandonment because 
railroads con move groin more 
efficiently than trucks, but the 
trend toward abandonment of 
roil lines will continue. This 
raises serious issues for our 
state and notion. If abandon-
ment continues without upgrad-
ing rural highways, how con 
adequate transportation be pro-
vided for formers and residents 
of small towns? 
• The shortage of boxcars 
and covered hopper cars delay-
ed groin movement throughout 
the system in 1973. Port of this 
shortage is due to the down-
ward trend in the number of 
boxcars in service. Dc;:sto in 
Tobie 2 shows that boxcar num-
bers hove declined while the 
number of covered hopper cars 
hos continuously increased. 
This data is particularly impor-
tant to South Dakota because 
less than one-fourth of our 
trackage is heavy enough to 
handle fully loaded covered 
hopper cars. As a result, South 
Dakota elevators must rely on 
increasingly obsolete boxcars 
as the primary means of trans-
porting groin. With fewer box-
cars available every year it is 
Table I. Railroad and truck rates for transporting wheat from 
selected South Dakota country . elevators to Minneapolis: 
1972 and 1973* 
1972 
(cents/bushel) 
1973 
(cents/bushel) 
City Miles Rail Truck Rail Truck 
Brookings ______ 204 
Aberdeen __ ___ _ 269 
Ft. Pierre ________ 384 
20 
23 
27 
17 
20 
26 
22 
24 
28 
24 
28 
36 
*Rates based upon the trend lines given in Figure 1. Rail and 
truck distances are approximately equal between Minne-
apolis and the towns used in this table. 
Table 2. Number of rail cars in service, U.S., 1960 and 1973. 
Number Number of 
of 40 ft. box covered hopper 
Year ca,rs in service cars in service 
1960 ------------------ 563,470 
1973 -------- -------- -- 212,000 
Percent increase 
or (decrease) . _ (62%) 
apparent that we will continue 
to hove problems unless track-
age is upgraded. 
• Elevator managers in 
many states, such as Iowa, 
were able to move groin by Uf")it 
trains and/or multi-car ship-
ments at rates considerably be-
low those for single car move-
·_ rtlents. On the other hand, neor-
· ry all grain shipped by roil in 
South Dakota is billed at single-
car rates. Since single-car 
rates are substantially higher 
than multi-car or unit train 
rates, the added transportation 
charge acts to reduce form 
prices. An example of the rel-
ative differences between rotes 
is given in Tobie 3. Based upon 
a two cent per bushel rote re-
duction, multi-car rotes would · 
hove saved South Dakota groin 
64,255 
186,219 
190% 
shippers obovt $2 million dur-
ing 1973. 
• Price relationships be-
tween various .groins resulted 
in terminals storing relatively 
more of the groin which was 
rapidly increosin·g in price. The 
result was restricted handling 
Of")d storing of less profitable 
groins in favor of more profit-
able groins. For example, when 
the soybean price was rising at 
a rapid pace, terminals prefer-
r.ed to hold soybeans rather 
than wheat. 
• With storage capacity full, 
terminals placed a discount on 
deliveries by truck . . Deliveries 
by roilcor were not penalized 
because the groin could remain 
in the car for temporary stor-
age, or be re-routed to the next, 
destination. The result was that 
- --,,,-.•_..-;;x.Q . . 'illlillJIIU U IQ.. 
··-• 1111 
• 
• 
Table 3. Single-car and multi-car rates 
from Fort Dodge, lowa,to New Orleans 
for corn, 1972. 
Mode 
Rate in 
cents per bushel 
Single Car Export ____ ________ 25. 76 
3-10 Car ---------------------------- 23.52 
50 Car ------------------------------ 21.84 
Source : Baumel, C. Philiip, et. al., 
"An Economic Analysis of Alterna-
tive Grain Transportation Systems: A 
-Case Study," Report No. F RA-OE-73-4; 
Iowa State University, Ames, Iowa, 
( 1973). 
South Dakota elevators were 
often penal ized up to 20 cents 
per bushel for shipping by 
truck. Producers received a 
lower price for their grain and 
risked the possibility of fre-
quent drops in price if they 
waited for their elevator to ob-
tain boxcars. 
• Railroads were severely 
hampered during the summer 
and fall of 1973 because of tie-
ups at port facilities . Houston 
and other ports would not ac-
cept grain deliveries from time 
to time because port facilities 
were not able to handle the hun-
dreds of rail cars they were re-
ceiving. As a result, railroads 
were sometimes accused of not. 
providing adequate service, 
when in effect the problem was 
caused by the port facility or 
ocean shippers. 
e Uncertainties about trans-
portation services and opti-
mum size and location of stor-
age have caused reluctance on 
the part of some grain market-
ing f i rms to invest in additional 
faci li ti es. For example, from 
1964 to 1972, total licensed stor-
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age capacity for South Dakota 
grain elevators increased only 
0.12 of one percent, from an es-
timated 80.3 million to 80.4 mil-
lion bushels. The effects of vir-
turally no growth in elevator 
capacity clearly contributed to 
overall grain marketing prob-
lems. Additional storage cap-
acity is needed if transporta-
tion problems continue; how-
ever, the location of additional 
storage capacity either on the 
farm, at the elevator, or at the 
terminal reQuires substantial 
coordination of the entire grain 
marketing system. Such de-
cisions will have a significant 
impact on future grain trans-
portation needs. 
There are no overnight 
solutions 
The problems identified 
above suggest that grain mar-
keting and transportation in-
dustries , state and federal gov-
ernments, and grain producers 
have little ba~is for compla-
cency. Causes of these prob-
lems will not disappear unless 
action is taken. The general na-
ture of solutions to these prob-
lems requires the cooperation 
of all the firms and agencies 
mentioned above. 
Policies must consider ,alter-
natives and trade-offs between: 
(1) upgrading highway sys-
tems, including some second-
ary roads, (2) upgrading some 
rail trackages and equipment 
while eliminating some track-
age entirely, (3) a new rate 
structure based on competition 
and costs, and (4) a storage 
system that simultaneously 
complements the changing 
transportation system. Adjust-
ments of this type require 
substantial periods of time for 
development and implementa-
tion ; therefore , comprehen-
sive planning is needed now. 
pea beans • 
alternate crop for eastern South Dal"°ta 
Pea beans, the Navy beans found 
in the familiar pork-and-beans can, 
is a new agricultural crop which can 
increase the income of some South 
Dakota farmers without too much 
expense for machinery. Pea beans 
are grown under climatic condi-
tions similar to soybeans. Method 
of planting, method of weed con-
trol, fertilizer requirements, and 
other cultural operations are sim-
ilar to soybeans, although the 
method of harvesting is somewhat 
different. Pea beans have enough 
similarity to soybeans that farmers 
should not have any difficulty in 
adapting to this crop. . . 
At present most of the pea bean· . 
varieties are grown in Saginaw Val-
ley, Michigan and New Jersey. The 
Campbell Soup Company, one of 
the big users of pea beans, is run- . 
ning into pollution problems in its 
present growing areas, resulting in 
a high cost of production. It is in-
terested in expanding the area of 
pea beans in South Dakota. 
The present price of pea beans to 
the grower is 30-45¢ per pound. 
SDSU conducted tests over 2 years 
at various locations in South Dako-
ta indicating that a grower can ex-
pect between 1200-1500 pounds of 
dried pea beans on dry land during 
the average growing season. The 
yields are greater under irrigation, 
· between 2200-2500 lbs. A dryland 
yield of over 1200 pounds of pea 
beans per acre, as some South 
Dakota growers received last year, 
*a~soc iate professo r, H orticulture-Fo rc~try De-
partm ent 
amounts to over $300 per acre. 
That's the same as 150 bushels of 
corn or 60 bushels of soybeans. 
For the last 2 years the Depart-
ment of Horticulture and Forestry 
has been conducting varietal trial 
tests of pea beans in various loca-
tions in South Dakota. In 1972 the 
pea beans were planted at Brook-
ings, Centerville, and in Union 
County. The yield data are given 
in Table 1. The beans at Brookings 
and Union County were irrigated 
twice during the growing season. 
The beans at Centerville were dry-
land. In 1973 beans were planted 
under dryland at Milbank, Red-
field, ·- and Centerville and under ir-
rigation at Platte. The beans at 
Platte were irrigated twice during 
the growing season. The yield data 
from 1973 are listed in Table 2. 
They show that beans can be suc-
cessfully grown in the eastern part 
of South D akota and that a grower 
can expect between 1200-1500 
pounds of beans per acre. 
Fourteen varieties of pea beans 
were planted, replicated four times 
with four rows of beans in e.ach rep-
lication. The middle two rows were 
harvested for yield purposes. All of 
the varieties grown are not suitable 
for South Dakota; some are too late 
for our growing conditions, but 
some are well adapted to our con-
ditions. 
There is no serious pest of pea 
beans which can not be easily con-
trolled during the growing season 
with proper cultural practices. 
None of the varieties were sprayed 
for any disease or insect control 
during the growing season. 
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By Paul Prashar* 
Pea beans should be planted -on 
well drained soil with good water 
holding ability. High alkaline areas 
should be avoided. Certified seed 
should be planted in a well prepar-
ed seed bed in rows 12-36 inches 
wide. Narrow rows seem to en-
courage bacterial blight. The wider 
rows, 30-38 inches, have less disease 
problem because of better air cir-
culation between the rows. The 
beans are planted 1-3 in.ches deep, 
depending on the moisture avail- • 
able. In wider_ rows 6-8 seeds per 
foot should be planted; in narrow-
er rows proportionally fewer seeds 
· per foot are needed. Between 35-40 
pounds of seed will be needed for 
30-38 inch rows. 
Pea beans mature just about the 
time of first frost or earlier. This 
means they can be harvested be-
fore corn and soybeans when ma-
chinery is available.· Pea bean 
harvesting operations usually in-
clude pulling, windrowing, and 
combining from the windrow. 
Grain combines equipped with 
bean attachments are freque~tly 
used, although special bean com-
bines are ayailable and are used by 
growers with large acreages. Bean 
attachments for grain combines us-
ually include kits for cylinder 
speed reduction, seed and dirt 
screens, and other parts which vary 
with each make and model. Bean 
combines usually have two cylin-
ders specifically designed for bean 
threshing, and special separating 
and cleaning units. • 
Pean beans should be harvested 
and handled at 17-18% moisture 
level in order to hold splitting and 
' 
I 
• 
seed coat damage to a m1mmum. 
Harvesting at a low moisture level 
may result in an excessive percent-
age of split beans and checked seed 
coats. Beans with checked seed 
coats may split with further han-
dling. 
In combining pea .beans use only 
enough cylinder speed to do a good 
job of threshing. It is usually desir-
able to reduce the cylinder speed as 
the day progresses to compensate 
for additional drying. It may be 
necessary . to harvest only in the 
morning and evening when the 
pods are tough, in order to hold 
shattering losses to a minimum and 
to reduce the number of split beans 
and checked seed coats. 
The market for pea beans may 
expand in eastern South D akota. 
Campbell Soup Company indicat-
ed that when 5,000-10,000 acres of 
the crop are grown in this area, it 
will locate a processing plant in the 
locality. Closest p lants at present 
are in Olivia and Hector, Minne-
sota. 
Pean beans should be considered 
bv .'L i ., ·qta farmers 
1 J It. T < I I ( ·1 ' • .t f I' 
tuu . I l r·,~, 11, i d.l1u5Cu1 ' ... 1. 
practices are tamiliar, and new in-
vestment is low. 
Table I. Pea Bean Yield Trials in South Dakota 1972 
Table 2. Pea Bean Yield Trials in South D akota 1973 
N ame 
Centerville 
D ry Land 
Seafarer 2099.0 
Sa ni lac "-~-----~- _ 2448.0 
Gratiot ______________ 2325. l 
Atlas ________________ 3771.0 
Bai I iff ______________ 3631 . 3 
Bonus ---~---------- 3044.0 
Processor 5 ______ 1979.0 
Processor 6 _____ 3323.3 
Processor l O ___ 2405.9 
Processo,r 12 ____ 2195.3 
Processor 14 ____ 2512.6 
Processor 1- 5 ___ 2625. l 
Processor 23 ____ 3657.9 
Processor 25 __ 2385. 7 
SW 69-6207-2 . l 027.0 
Comments: 
Yield in Pounds Per Acre 
Brookings 
Irrigated 
2837.2 
3552.9 
3104.3 
3505.0 
3636.3 
309 1.9 
3393.9 
41 61.3 
2587.6 
3780.5 
3450.2 
2863. l 
2861. 7 
2775. l 
3983.9 
Rainfall above no rmal a t a ll loca tion s. 
Two irrigation s, 2 Yz" each, a t Brookings and Elk Point. 
Elk Point 
Irrigated 
1605.3 
2362.9 
2342.7 
4231 .4 
3853.5 
3456.2 
1360.2 
4853.6 
1817.4 
2176.6 
1989.0 
2730.4 
4213.2 
3216.5 
2082.8 
Yield data from each loca tion includ es broken beans. . 
Varieti es Bailiff a nd Bonus were fai rl y resista nt to bacterial blight. All 
other varieties were highl y ~uscep tibl e . Ma in contributing fac to rs to 
bacteria l _blig ht w ere hig h moisture during growing season and close 
ro~ spac1 ng . 
Yield in Pounds Per Acre 
Redfield Milbank Centerville 
Name D ry Land Dry Land Dry Land 
Sa nilac 1356.2 1404. 5 2281.6 
Seafa rer ------ - 1256.l 1604.9 2568.9 
G rat iot ____________ 1492.3 1566.9 2487. 2 
Aurora ---· ____ 1308.9 1694.4 2278.7 
W -5 (6R-395) __ 1532.3 1723.3 2592.9 
W -6 (6R-320) __ 1156.0 1409.9 1469.8 
W -10 (W-26) __ 1633.2 1535.8 2450.7 
W-15 (W-34) __ 1750.9 1538. l 2626.5 
W-25 (6R -295) _ 1411.4 1178.4 1965.6 
Atlas ____ _______ _____ 1401.8 2008.6 1516.9 
Bonus ______________ 1618.8 2003.3 1967.5 
Chief --- --------- -- 1704.4 1664.l 1662.9 
Capita I ____________ 1242.5 1885.6 1742.7 
SVC 1036 ________ 983.9 1659.5 1240.2 
Comments : 
Rainfall bel ow no rmal at Redfield a nd Milbank. 
Rainfall norma l for Centerville. 
Two irrigations, 3" and 4", we re app lied a t P la tte. 
Platte 
Irrigated 
2341.7 
2240.0 
1786. l 
2472.2 
2243.2 
1767.5 
2742.0 
2410.5 
2020.7 
1997.5 
2065.5 
2086.4 
2030.3 
1265.7 
Va ri eties A tl as, Bo nus, Chief. Capita l, SVC 1036 are too la te for South 
Dakota. After ha n ·es t (afte r freeze) m a n) plants of th ese varieties were 
green and were dried in th e greenhouse before threshing. . 
Abou t 10-12% of the beans o f the late varieties were moldy when 
th resh ed. 
Yie ld data from each locatio n includes broken and small pea beans. 
Dua ne Acker, 
Dean, College of Agriculture arid Biological 
Sciences; D irector of Extension; and Direc-
tor, Agricu ltural Experiment Station 
R. A. Moore, 
Associate D irector, Agricultural Experiment 
· Station. 
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Mate ri a l appea ring in thi s publication ma y 
be rep rinted pro\·id ed th e meaning is no t 
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Sta tio n. 
interview with the director ________ ___ ------------------------------------------- 2 
sunflower meal or rapeseed meal in calf rations ____ _______ _____ ____ 7 
alfalfa under dryland and irrigation ------------------------------------ 10 
across-slope farming saves rainfall runoff ---------------------------- 14 
when fertilizer supply runs short 
depend on soil testing -------------------------------------------------- 18 
soybean crop will meet its own nitrogen needs ____________ 20 
match spring wheat variety to available nitrogen ________ 23 
assemble it yourself "farmer helper" ------------------------------------ 27 
iron in irrigation water _ -------------------------------------------------------- 28 
stretch your i rr i g at ion budget ---------------------------------------------- 2 9 
spraying for alfalfa weevi I _____________ --------------------------------------- 32 
problems in moving · grain ---------------------------------------------------- 34 
pea beans __ -------------------------------------------------------------------------- 38 
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